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. PREFACE

Recently, the area of woodworking has come under much

criticism as being too limited in scope and not fully abreast of

an advancing technology. Some people have gone as far as to

seek its abolition from the industrial arts program in the secondary
schools, In reality, however, the importance of woodworking as a
phase of industrial arts is probably greater now “han ever before,
It is conceded, nevertheless; that the scope and content oi industrial -
arts woodworking programs needs to be improved. ~ i

T raditionally, a typical WQst program is centered upon the use of
hand and machine tools ‘W'itl’i'lliﬁtle or no emphasis given to the problem
of familiarizing students with technical knowledge of the material
itself. o

To assist in the upgrading of present programs, students and teachers

should, in addition to the use of wood as lumber, be made aware of
the various properties of wood and wood products. Of equal impor-
tance is a knowledge of new processes and materials used in conjunc-
tion with the fabrication, manufactures, and application of wood and

wood-related products, I
M
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The purpose of the NDEA Institute in Wood Technology held at 1
Eastern Kentucky University during the period June 10 - August 2,
|

1968, was to provide college level industrial arts woodworking
instructors with the opportunity to receive information in depth
which they might use to broaden the scope and content of their
programs. To this end, the participants have prepared this series
.of Basic Outlines which attempt to record their experiences during
the period of the instifute, The "Base Syllabus" prepared by the
participants in the 1967 Wood Technology institute was used as a
guide in developing the format of this series.
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It is hoped that the material covered herein will be applied to the
improvement of each participant's woodworking program and
lead their students to a greater understanding of wood and wood

products., ' i

N

Institute Director




WOOD PROPERTIES AND KINDS

Introduction

"We may use wood with intelligence only if we understand wood.'" Frank
Lloyd Wright

Wood is a material which has been used extensively in manufacturing,
construction, transportation, and the service industries, Wood and
its many by-products continue to gain prominence in our industrial
society as a result of the many technological advances and recent
concepts related to its utilization, There is seemingly no end to the
possibilities for varied uses of ingredients found in wood.

For this reason, it is necessary for we as Industrial Arts teachers
to make a comprehensive study of wood, of its composition, its
physical behavior, and the causes of variability as they affect its
utilization.

Contained within this booklet are outlines related to the density and
specific gravity of wood, moisture content, strength characteristics,
seasoning of lumber, the structure of wood, and a glossary of terms
used in woodworking technology.

It is hoped that this booklet will be of value to assist in the upgrading'
of present Wood Technology and Industrial Arts programs and lead
their students to a greater understanding of wood.




UNIT I

WOOD, WHAT IT IS

I. Wood is not a solid, homogeneous substance, but a porous one composed
of large numbers of very small elements or cells.

A.

There are many parts of a tree evidenced in its cross section that
play a part in its life history. (Figure I)

1.

The cambium layer is the one-cell thick layer of tissue between
the bark and wood.

a) The cambium repeatedly subdivides to form new wood and
bark cells.

The inner bark or phloem which is the living part of the bark,
carries prepared food from the leaves to all growing parts of
the tree.

The outer bark or corky layer is composed of dry dead tissue
and gives general protection against external injuries.

The sapwood or xylem is the light-colored wood beneath the bark.

a) The sapwood contains living cells and has an active part
in the life process of the tree.

b) It is located next to the cambium and functions in sap
conduction and storage of food.

c) The sapwood layer may vary in thickness from 1 1/2 to
2 inches in radial thickness.

The heartwood or Xylem is the dark inactive wood that is formed
by a gradual change in the sapwood. The heartwood gives the
tree strength.

The pith is the soft tissue about which the first wood growth
takes place in the newly formed twigs. The pith is probably
functionless.

The wood rays connect the various layers from pith to bark.
The rays store and transfer food.
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- - F1eure 1.—The tree trunk: 4, Cambium layer (microscopic) is inside of inner 3
“ ' bark and forms wood and bark cells. B, Inner bark is moist,and soft. Carries . ' 4
: prepared food from leaves to all growing parts of t-ee. C, Outer bark or corky K ‘
-~ layer is composed of dry dead tissue. Gives general protection against external b
-+ injuries. D, Sapwood is the light-colored wood beneath the bark. OCarries A
) ; sap from roots to leaves.; E, Heartwood (inactive) is formed by a gradual
- change in the sapwood. Gives the tree strength., F, Pith is the soft tissue 2
about which the first wood growth takes place in the newly formed twigs. A
G, Wood rays connect the various layers from pith to bark for storage and :
. transference of food. : . ' ]
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B. There is sufficient difference between the wood formed early and
that formed late in a growing season to produce well marked annual

rings.,

1, The inner part of the growth ring formed first in the growing
season is called springwood or earlywood, and the outer part
formed later in the growing season, summerwood or latewood,

2. Springwood is characterized by cells having relative large
cavities and thin walls,

3. Summerwood cells have smaller cavities and thicker walls,

4, Springwood is lighter in weight, softer and weaker than summer-
wood, \

Native species of trees are divided into two classes==deciduous or
hardwoods, which have broad leaves and shed them at the end of the
growing season, and coniferous or softwood, which have needlelike
leaves as pines,

A, The structure of softwoods,
1, The softwoods are simpler in structure than hardwoods,
2, Softwoods are generally considered to be non=porous woods,

3. The greater part of softwood consist of tracheids, which are
both water conducting and supporting elements, The tracheids are
very long (one-eight to one=third inch).céllsithat constitiite the.
greater part of the structure of the structure of the softwoods.

4, The pit is the portion of the cell wall where a thin membzrane may
permit liquids to pass from omne cell to another,

5. The rays are strips of cells extending radially within a tree,
The rays serve primarily to store food and transport it horizontally

in the tree,

6. The resin ducts are intercellular passages that contain and
transmit resinous materials, They may extend vertically
parallel to the axis of the tree or at right angles to the axis,

B. The structure of hardwoods, (Figure 2)

1, Fibers are long (one twenty-fifth or less to one=third inch)
narrow, tapering wood cells closed at both ends, They are
mechanical elements, concerned with support and are called

libriform fibers,
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2. The parenchyma cells are used for storage of food and waste
A ' materials and for passing on food and water to other parts of the
wood. They also have a supporting function,

3. Vessels and trecheids are conducting elements, the purpose of
which is to convey water and dissolved mineral salts from the
roots to the leaves,

4, The lumina is the small openings of the cells,

5, The lamella is the thin elastic middle wall that seperates two
vessels that come in contact with each other,

6. Tyloses is the pit membrane that is forced into the cavity of the
vessel and the vessel becomes blocked with these numerous in-
growths,

7. The rays are sheets of cells that run through the wood in a
radial direction,

a) They usually consist of parenchyma cells and vary in size and
shape.,

b) Sheets of cells no more than one cell widecis called uniseriate
rays, -

111, The four major chemical components of woods are extractives, ash
forming minerals, lignin, and cellulose, (Figure 3)

A, The extractivies are not part of the wood structure but contribute
to the wood such properties as color, taste, odor, and resistance

to decay.,

1. They include tannins, starsh;, coloring maftter, oils, resins,
fats, and waxes, '

2. They can be removed by natural solvents.

B. Ash forming minerals, lignin, and cellulose make up the wood
structure,

1, Cellulose is the carbohydrate that is the principal constituent
of wood and forms the frame work of the wood cell,

a) Cellulose comprises about 70 per cent of the wood.

b) It is subdivided into alpha=cellulose and hemicellulose,
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c) These are the main basis of useful products such as paper,
explosives, synthetic textiles, and plastics.

2. Lignin cements the structural units of wood togehter and thus
imparts rigidity to the wood. It comprises 18 to 28 percent of
the wood.

3., The ash forming minerals are the nutrient plant-food elements
of the tree. Then comprise from .2 to 1 percent of the wood,

There are many outstanding characteristics of wood that show
variation in figures caused by growth., Figure is the ornamental
markings on the surface of wood produced by the relative arrange-
ment of the different elements in the wood, and can be produced in
a number of ways.

1. The grain of %the wood produces most figures by direction of the
fibers, as in a straight grain, spiral grain and curly grain.

2. Plain sawing, quarter sawing, and rotary sawing the wood
produced figures in wood.

3. Stump or butt woods are highly figured. They are produced
when large roots join the trunk.

4. The crotch figure is produced when large branches join the trunk.

5. Burls are large wart-like excresceneces on tree trunks formed by
an injury.

6. Birds-eye is due to local sharp depressions in the annual rings.

IV. Woods should be selected according to the requirements of the articles
produced.

A,

B.

C.

D.

Good appearance is required in wood used for most kinds of wood-
working.

Wood should be seasoned to about the average moisture content that
it will have in service.

Wood should be sufficiently tough and strong enough to resist denting
in ordinary usuage.

Appearance, style, and finishing qualities are the properties domin-
ating the selection of woods for furniture.
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THE CELL STRUCTURE OF WOOD
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" Wood is made up of cells (cellulose) which
are held together by nature's glue (lignin) and
carry on many functions in the living tree. . /
Some cells (rays) store food, some (tracheids
I and vessels) help in transporting liquids, while \

resin ducts in the pines, for example, help to
heal the tree when it is wounded (pitch)., A tree
\ / ‘is supported by most all of its cells including

tracheids (in the soft woods) and fibers (in the I
. hard woods). All growth for a tree takes place ]
P in the cambium layer.

| If cubes of wood 1/32" could be cut from a \
cross section and enlarged many times, this is
what we might see. Note that wood cells may not
\ I be seen or only appear as lines, small holes, '
or colored spots to the naked eye. It is only
through the microscope that we see each cell and /
are able to determine its function.
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ANATOMY OF WOOD

Answer Sheet for Turtox Plates

White Pine

Figure A,

1. Summerwood Cells
2. Springwood Cells
3. Resin Duct

4, Ray

5., Tracheids

Figure B

1, Summerwood
2. Springwood
3. Ray

4, Tracheids
Figure C

l. Resin Ducts
2. Ray

3. Tracheid

Tilia (Basswoof) Stem

Cortex
Phloem

Xylem

Cork

Cork Cambium
Fiber

Sieve Tube
Cambium

Ray

10, Vessel or Pore
11, Summerwood
12, Springwood
13. Annual Ring
14, Pith

v s
° (-
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O
.

Red Qak

Figure D

1. Summerwood Cells

2. Springwood Cells

3. Springwood Vessel

4, Large & Small Rays
5. Fiber

Figure E

l., Summerwood
2. Springwood
3. Vessel

4, Rays

Figure F

l. Ray
2, Vessel

Pine Stem

Figure A

Cortex
Phloem
Xylem

Pith

Resin Duct
Cambium
Rays
Annual Ring

—
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o
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0 =3O U v W IV

Figure B

9. Border Pit 12.

10, Springwood 13,
11, Summerwood 14,
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Figure C -

Border Pit
Long Ray ©
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Purpose:

Apparatus

CALIFORNIA STATE COLLEGE
LONG BEACH

WOOD TECHNOLOGY
CELL STRUCTURE AND ARRANGEMENT

To investigate the cellular growth patterns and arrange-

ments in wood in order to gain a better understanding of
its structural properties and general make=up.

required:

Microscope

4 - microscope slides and cover plates
Binding tape

Block plane

Green tree stem

Hydrocjoric acid

Phloroglucinol

Botany pen and black ink

Drawing paper

Colored pencils and pens

Experiment:

1, Obtain a tissue thin horizontal and vertical section
of the tree stem. If possibie, each specimen should

include cellular material from the outer bark to the
pith.

Place the specimens on a clean sheet of glass and
apply one or two drops of phloroglucinol to them.
Wait five minutes and then put the same amount of
hydrochloric acid on the samples. Wait another five
minutes and carefully wash the acid from the wood.
DO NOT ALLOW THE ACID 70 COME IN CONTACT WITH YOUR
SKIN OR EYES.

After the samples have completely dried, mount them

on the microscope slides. An identification label
must be placed on this slide with the following

information:

Type of wood
Type of section (cross or vertical)

Area covered (pith or cortex)
Your name and date

Place this label on the left end of your slide.
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4 Questions:

Ei 1.
3.
3 5,
i 6.
7.
: 8.
9,
10.
1.
3 12.
1 13.
3 14.
15.

A CATCONE

Experiment No. 3 (continued)

Study the sections and note the variaticns in cell
shape and arrangement from one major ﬁortion of the
stem to another. Make a drawing of the cellular
structure and identify the following parts with arrow
leaders and labels:

Pith Heartwood

Cambium Sapwood

Bast or Phloem Cortex

Summer growth ring Spring growth ring

You may refer to a botany book for varification of
your findings before putting your drawings into their
final state.

Draw a vertical-section and cross-section of a tree
stem and label the above mentioned parts with arrowed
leaders. Recopy your sketches of the above mentioned
parts and locate them on this same page alongside the
appropriate label and leader arrow. The major sections
(cross and vertical) are to be at least 4 inches in

size and centered on to a page. The Microscopic studies
illustrated placed in circles around the section draw-
ings. A1l work must be in color.

On a single sheet, draw and label the follewing cells 3"
in size, in color:

Vessel
Fibre
Trachied

What is a vascular bundle?

In which direction is the ceil arrangement predominantly
aligned?

What is the function of the pith?

What is the function of the heartwood?

What is the function of the sapwood?

What .is the function of the cambium?

What is the function of the bast or phloem?

What is the function of the cortex?

How are the new cells formed?

Why is it that only heartwood and sapwood is used as a
structural material with the exclusion of the pith, bast
and cortex?

What is an annual growth ring?

What is meant by a "false ring"?

What types of cells are found in hardwoods?

What types of cells are found in softwoods?

What is meant by the terms "conductive tissue" and
"supportive and conductive tissue"?

PN
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1 A.

B.

A.

UNIT II
THE PLANT ORIGIN OF WOOD

I. Types of Plants Producing Wood
Wood is of plant (vegetable) origin.

Characteristics of Woody Plants

1. Woody plants must be vascular plants, i.e., possess
specialized conducting tissues consisting of xylem
(wood), and phclem (inner bark).

2. Must be perennial plants, i.e., 1ive for a number of
years.

3. Must possess a stem that persists from year to year.

4. Must exhibit secondary thickening, i.e., this is
achieved through a growing layer, called cambium.

Types of Woody Plants

1. Tree - A woody plant that attains_a height of at least
20 feet containing usually a single self-supporting

stem or trunk.

2. Shrub - A woody plant that seldom exceeds a height of
20 feet containing usually a number of stems.

3. Woody Liana -~ A climbing woody vine.

IT. Classification of Vegetable Plants
There are four main divisions in the vegetable kingdom.

Thallophytes - as represented by algae (pond scums, seaweeds),
fungi (mushrooms, bracket fungi), and bacteria. They
constitute the lowest division of the vegetable kingdom.
Sexually absent in many forms.

Bryophytes - as represented by Tiverworts and mosses.
Sexuality definitely established.

Pteridophytes as represented by ferns, scouring rushes,
horsetails, club mosses, and quillworts. Sex type may be
distinguished. True roots, stems and leaves equipped with
special conducting or vascular tissue are present. Stems are
too small and short-lived for conversion into lumber.

Spermatophytes - constitute all seed plants. They represent
the highest type to date, possessing true roots, stems and

leaves. Spermatophytes are divided into two subdivisions.
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‘éf 1. Gymnosperms - Greek for naked seeds. Seeds not enclosed
4 in any ovary. Gymnosperms are very ancient. Some 650
g forms exist today. Four living orders are recognized.

a) Cycacales - 9 genera - about 8 species. Woody g
plants of the tropics as represented by tree ferns 4
and palms. Structure of the stem does not permit %
conversion into Tumber.

b) Ginkgoales - 1 species - A deciduous tree with the
habit of a conifer. Wood is suitable for commercial

use but growing range (China - Japan) 1imited.

¢) Gentales - 3 genera - Some 60 odd species. Probably
the most recent order of gymnosperms. The Gentales
are not a source of wood. :

d) Coniferales - 46 genera - Some 500 species are :
recognized. They alone among Gemnosperms are ;
productive of timber on a commercial scale. They :
are known as conifers, evergreens, or softwoods.

Its relatively small botanical size is all out of :
proportion to its economic importance. This is bes :
cause of the following reasons: o g
(1) Coniferous trees grow in almost pure wide stands 1

which make harvesting eccnomically feasibie. :

(2) Exist in temperale zones where the demand is
greatest.

(3) Exhibit monopodial growth which manifests itself g
in greatest lumber yield.

(4) The wood 1s of a type that lends itself to many
uses. i

4 2. Angiosperms have evolved recently in a geological sense, :
g (Lower Cretaceous). Are vepresented by at Teast 150,000 :
. species. The most obvious characteristics that set off :
3 this group are the presence of a flower, with its showy 2
pereanth, stamens, and pistol and the manner in which the :
ovules are borne enciosed in an ovary. There are two :

classes of Angiosperms.

a) Monocotyledons - One seed leaf (cotyledon). Vascular :
bundles within the stem are scattered. Include 30,000 8
species, 7 orders, embracing 438 families. g

b) Dicotyledons - Inciude 120,000 species, 30 orders, some
of which are represented wholly by herbaceous forms;

others wholly of woody plants - still others contain
both woody and herbaceous species. Dicotyledons are the

source of the hardwood lumber trade. They possess greater
diversification in wood structure than in gymnosperms.

n 't




e O A A B it L TS i U i R B 7 = 1o adeg oot
RLE s o s & - <taEE R

RN AO I Sl SIS0 UL AT LR vk Sl 2 B St AP L L O DY Yo T R

T Factors controlling the designation of a wood as commercially
3 important. Of the 1,027 different trees growing in the United
States, 80 are commercially important. Thirty softwoods and

50 hardwoods.

A. Six factors must be considered before selecting a timber
for commercial use.

1. Growth - A timber must be of adequate size to make it
profitable for harvesting. However, smaller trees, such
as aspen, are used in great quantities by the paper-making
industry.

2. Quality - Trees that may have the necessary size are often
ruled out because the wood is not of sufficient value under

the prevailing economic conditions.

3. Accessibility - This factor is only slightly important in
the United States compared to the potentially valuable
timbers contained in other less technically developed
countries.

4. Quantity - An adequate supply must be available at a
price not prohibitive to the consumer.

5. Transportation and Industry - Transportation facilities

must be adequate and within a reasonable distance to
the harvesting site, processing plants and consumer.
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UNIT III
GROSS FEATURES OF WOOD

The features of wood which can be detected by sight, taste, or
odor are termed gross features. They aid in species identifica-
tion, which is necessary for further understanding of specific

characteristics of a particular wood within a given species.

I. Growth Rings

A ring of wood cells clearly seen on a transverse section E
which resulted from periodic growth. OCne growth ring per 4 1
year is typical and is known as an annual ring. B

g M

A. Location

1. Located between the bark and the wood is a layer of H
thin-walled 1iving cells called the cambium, in which o]
all growth in thickness of bark and wood arises - by
cell division. New wood cells are formed on the inside g
of this Tlayer. ‘ -

2. In temperate climates many species show a marked

difference between wood formed early and that formed
late in a growing season.

B. Characteristics

e s e = LT E AR Y e

1. The approximate age of a tree may be determined by
counting the growth rings.

LT

2. The first five or six years of growth may be impossible
to count.

3. Severe drought or defoliation may cause more than one
growth ring within one season.

4. The width of rings and number per inch is a measure of -2
rate of tree growth.

II. Sapwood - (Xylem)
The Tiving portion (cells) of a tree trunk is called sapwood.
Every part of wood in every tree has at one time been sapwood.
A. Location

1. It is located next to the cambium (toward the center of
the tree) _ ]

B. Function

1. Give support to the tree

2. Conduct sap

3. Store reserve food
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C. Characteristics

1.

2,

The sapwood layer may vary in thickness and in the number
6f growth rings contained in it.

Commonly ranges from 1 1/2 to 2 inches in radial thick-
ness.

Sapwood is widest in the upper trunk toward the crown
and decreases in width toward the base.

Usually lighter in color than heartwood.

Less dense than heartwood and usually lighter in weight
in the green state.

Rich in plant food material which makes it attractive to
certain wood-rotting fungi and insects,

Heartwood (Xylem)

Heartwood consists of inactive cells formed by changes in the
living cells of the inner sapwood rings presumably after their
use for sap conduction and other life processes of the tree have
largely ceased.

A. Location

1.

The major central portion of the tree trunk.

B. Function

1.

Give support to the tree.

C. Characteristics

1.

Usually darker in color than sapwood due to deposits of
certain materials (extractives) within the pores.

Heartwood tends to be heavier than sapwcod due to the
presence of these extradives.

Heartwood is denser and therefore heavier than sapwood.

Heartwood has higher compressive and shear strength than
sapwood.

Heartwood is harder than sapwood.

Heartwood is generally resistant to fungal growth and
insect attack.

Heartwood cells are less permeable than sapwood celis.

B

T
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V.

Compression Wood
An abnormal type of wood that is characteristic of softwood
trees in which the pith is off center as might occur in leaning
trees.
A. Characteristics
1. May occur in all softwood (coniferous) species.
2. It is denser and harder than normal wood.
3. Has wide annual growth rings that are usually eccentric.
4

- Has what appears to be exceptionaily large proportion of
summer wood growth.

5. Color contrast between springwood and summerwood is
usually less than in normal wood.

6. Has larger shrinkage along the grain than normal wood
and Tow strength for its weight.

7. Warps easily in the rough and particularly when milied.
Tension Wood |
An abnormal type of wood that occurs in many hardwood species,
mainly on the upper side of leaning trees.
A. Characteristics

1. Lumber containing a moderate to large number of abnormal
fibers will warp excessively and readily shrink longitudinally.

2. These abnormal fibers hold together tenaciously and project
from sawn surfaces.

3. These fibers tend to tear when being planed or cause raised
grain,

Grain
Grain is often used in reference to the annual rings, as in fine

grain and course grain, 1t is also used to indicate the direciion
of the fibers, as in straight grain, spiral grain, and curly grain.

A. Characteristics
1. Technically grain is the direction of the fibers relative
to the axis of the tree or the longitudinal edges of
individual pieces of timber. :
B. Types of Grain

1. Straight grain - Grain which is straight and regu1aro'
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2. Irregular Grain - The wood fibers are at vaﬁy1ng and
irregular inclinations to the vertical axis in the log.

3. Diagonal Grain - A milling defect which results from
otherwise straight-grained timber being cut sc that
the fibers do not run parallel with the axis of the,
board or plank. L

<

4. Spiral-grain - Result when fibers take a spiral course :
about the trunk of a tree, instead of the normal o :

vertical course. L i

k .

5. Interlocked grain - Produced when fibers of success1ve 13?24
growth layers being inclined in opposite d1rect10nsotiiﬁf

6. Wavy grain - Wood in which the fiber collectively take _ :
the form of waves or undulations. };,',gmg B

x

VII. Texture i d
Texture applies to the relative size and amount of var1at1on |

in size of the cells.

A. Types of Texture
1. Fine texture - Elements are small and close. e e %
2. Course - Elements are large and wide apart. ,f S é

3. Even - Impiies that there is a comparative absence of
variation in the elements and 1ittle difference between

spring wood and summer wood.

4. Uneven - When there is strong variation in the element,
it is termed uneven texture.

VIII. Figure
Figure is the pattern produced in a wood surface by annual
growth rings, rays, knots, deviations from regular grain, “and :
irregular coloration. 3

A. Kinds of Figure | :

1. Cur1y or wavy - This figure results from waves in the
grain direction approximately at right angles to the . :
longitudinal axis of the board. Variable light re- - . ;
flection produces the curly appearance on flat surﬁacesc o 5

2. Broken strip - A combination of interlocked and wavy - ; ;
grain resulting in a ribbon flgure which does not ex:v' o :
tend the full length of the piece. __V;ﬁ -

3. Blister and Quilted - The tangential surface of nhe S i
in some trees, for example, maple, birch, mahogany,'$s ows**¥”.- -
a pattern of interlacing grooves. . i
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IX.

XI.
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4. Bird's-eye and dimples - This kind of figure 1s due to
local distortion in fiber alignment that are occasioned :
by conical indentations in the growth increments. 1 :

5. Crotch and stump figures - Twisted grain in large crotches
or forks, and stump swells, especially in trees that
produce ornamental timber, yield highly figured and
valuable veneers.

6. Burl Figures - Obtained from large, abnormal bulges or

excrescences that form on the trunk or l1imbs of nearly
any kind of‘treen

’

B. Pigment as a cause of figure

1. Pigment is traceable to irregular streaks and patches of
color darker than the background.

2. Pigment figures are reasonably common in our native hardwoods.

Color
Color is caused Targely by various infiltrates in the cell wali.

A. Colors can change when exposed to tight, air, or heat.
B. Color is a means of timber identification.

C. Color can be modified by special treatment.

Luster

Luster is the property of wood which enables it to reflect
light. It depends partly on the angle at which the light
strikes the surface and the type of celis exposed at the surface.

A. The majority of woods are intermediate in Tuster,

Odor and Taste
Odor that is present in wood is caused by infiltration products i

deposited in the heartwood or arises from the action of fungi , 3

bacteria, molds, or yeasts. The action of these micro-organisms

on the wood produces odor by either deposits of scented by-

products in the wood, or decomposition of the reserve food materials

in the parenchyma cells.

A. Deterioration of Food Materials i

1. Carbohydrates - Fats - 0ils - Odors tend to be particularly
evident and usually disagreeable. ~

B. Aromatic Extractives .

1. May be distinctive enough to be useful in identification
of wood. 9
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Strongly scented woods may smell rancid or 1like kero-
sene, Such odors are due to the presence of volatile
materials.

Prolonged exposure to air and/or water causes a loss
of volatile material so that odor is scarcely evident.

When using scent as a means of identification, a fresh
cut should be made and the surface moistened and warmed
slightly in order to make the odor most obvious.

The taste of wood is seldom distinctive; but, since the
senses of odor and taste are closely related, the

comgination of them may help in the identification of
wood.

Incense cedar has a very distinct taste and odor.
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F1¢. 2.—Bird’s-eye figure in maple F1¢. 3.—Curl figure in Spanish

mahogany

Photos by F.P.R.L., Princes Risborough ; veneers lent by Messrs. John Wright (Veneers) & Sons

5 T
N AT 2 .
!::f:.: fulu “‘\W ”(\%“\‘M Al
FagT YT e
mwmﬂwwfwr e .
g . N feuf, 4
SIS L)

TR

v (ot g o
¢ ISR AL
,..r-i:;;f A Ttk AR RN Sl“\t“"?ﬂl e,

o 2
£

oo

1]

5 o
. X X
alE R AN MO 11t en
" ) , y S5 ey B 4“"&1&;.“1 NG
. b _ . BRI
O Wt 10
e AT AR e g,

SN .3;«,. toA

* ettt B B e

%
o

¥
- s WS A

PR

~
N

el

Sasiy
N

s o e B ey
. e ottt g

i ‘%?‘ 3

hN ) 2t (" ,
2 {3}&1"?,‘ i

S

R
b Race

T

;’ ¥
LAl
A

.
; &

- (n"
ARG A e . "
TR W Y ot AU
1 AN

i
K el
kS
T
eh)

RPN

w2 E
e,
“

\
P L DV oy
DR P 7 XY Y

,
-
Wy

pow

R

LRERTNTEN
I «
Gl
N\t ML
N o

ko

KA

N

£

-(-'.xf‘}"f L LIPS

0 AL T NI N,
+ KRl
2, ddm P "r NS

ard
g

oty "
PARUN:

0 (AT SRS Sea] 200

F1a. 1.—Stripe or ribb i ] — : ’ .
Africagl l&l;ﬁlog:;lyﬁgure n F16. 2.—Roe figure in mahogany F1a. 3.—Fiddle-back figure in walnut

) Photo by F.P.R.L., Princes Risborough ; veneer Phot i i :
By courtesy of E. H. B. Boulion, Esq. lent by Messrs. John Wright (Veneers) & Sons l’:?ztto bbzy Al;.gﬁg:%bﬁr%?%ﬁ?%’%r:g?),&v%%

o e diQ)
S
HOLEN

$50 e

© e e A




UNIT IV

NATURAL DEFECTS IN WOOD

I. Natural defects are imperfections in the wood of living trees which
arise from growth and eavironment.

A,

Cross grain in wood reduces strength by creating fiber align-
ment which does not coincide with the longitudinal axis. It
occurs in three forms.

1. Spiral grain is visible as a twisted appearance to the trunk
after the bark has been removed.

2. Interlocked grain is spiral grain which reverses direction
in neighboring growth ring.

3, Diagonal grain causes the grain of the wood to intersect the
surface at an angle. A milling defect,

Knots are branch bases that are imbedded in tree trunk wood or
in larger limb branch.

1., Spike knots are cut lengthwise through the branch,

2. Round knots are cut more nearly at right angles to the long
axis of the branch.

a) Knots normally cause a loss of value to wood due to
creating a mechanical weakness in the wood,

b) In some species of the pines and cedars, they are a
desirable attribute because of the pleasing appear&ance.

Reaction Wood is the specialized type of wood that is produced
on the wide side of such eccentric cross sections.

1. Compression wood is formed in softwoods on the lower or
compression stress side of leaning stems.

2. Tension Wood is usually formed on the upper side of leaning
stems or branches of hardwoods,

Growth Stresses are internal stresses in logs evident by pinch-
ing, warping and twisting of boards as they are being sawed,

1, Shakes are a splitting and cracking in the longitudinal plane

as a log is cut from a standing tree,
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F,

G.

H.

a) Heart shakes are radial plane in direction.

b) Rihg shakes form in the plane of the growth increments,

2., Brittle heart is rg‘presented by microscopic shear failures
Iying at 300 to 45 to the fiber axis. If they are large enough
to be seen, itvis a compression failure.

Brashness is an abnormal condition that causes the wood to break

suddenly and completely across the grain at stress levels lower
than expected, brought about by a decrease in cell wall mater al,
It is caused by abnormal per cent of soft tissues. (Parenchyma
Rays) ’

Frost injuries are injuries from freezing temperatures.

l, Frost rings cause discoloration due to injury to the cambium.

2. Frost "c“:facvzlés’l,f;ax;e radial splits in wood and bark near the base
of the tree, *

Pitch defects are found in softwoods and are accumulations of

‘excessive amounts of resins in localized regions.

CE,

Bark pockets are small patches of bark imbeddediin wood,
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u: UNIT V
Y THE IDENTIFICATION OF WGOD

Qﬁ I. Broad general wood identification measures. This represents some
3 valuable keys in knowing woods. Some headings are much more use-
ful than othars but all have a place in identification.

A. Growth range of species

B. Color taking into consideration variations within species
as well as that in heartwood and sapwood.

C. Relationship of amounts of heartwood and sapwood.

D. Specific gravity values which are a relationship of wood
weights to the weight of the displaced volume of water by

that species.

E. Odor is an excellent key in some woods, while taste can
have some significance in a few instances.

F. Grain of wood offers clues which are concerned with the
direction of alignment and arrangement of wood elements
when looked at in an overall view.

G. Texture which refers to the size and proportional amounts
of woody elements.

1. Softwoods show texture best in the average tangential
diameters of the trachiads.

f 2. Hardwoods display the texture in the tangential
3 diameters of vessels and rays.

1 H, Lustre enables wood to reflect light, or to put it in en-
3 other way the property of exhibiting sheen. The terms of
comparison are from lustrous to dull.

I. In a non-technical sense, ciues to wood identification can
be secured through such mechanical properties as strength,
stiffness, hardness, shock-resistance and machine ability.

II. Factors useful in macroidentification of woods, as related to
hard and softwoods., Macroidentification is limited to-a 10x
hand-held lens.

A. Ring pattern: Ring of wood on a transverse surface result-
ing from a period of growth; if once such ring a year 1s
formed, it is an annual ring.

1. Softwoods will show the Tate wood and early wood pattern
to be either abrupt or gradual.




,g 2. Hardwoods will show pore arrangement which is related ]
'§ to the growth rings. ]
§ a) Ring porous wood shows the pores formed in the E
% early wood much larger than those in the late i
d wood and as being somewhat abrupt. %
b) Diffuse porous wood in which the pores exhibit little f

or no variation in size within seasonal growth. A

B, Cell types are variable in hard and soft woods :

1. Softwoods have elongated cells that constitute the greater :

part of softwood structure. (See Figure 1.) g

a) A major cell type is called a trachied,

(1) When viewed in cross section under the microscope,
these appear as somewhat angular cells that fit

tightly together, with few intercellular spaces.

51 g e
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'(2) These possess relatively thick secondary walls.

(3) For an idea of the volume of these cells in wood,

,, white pine is composed of 90 per cent trachieds. 4
§> (4) Trachieds serve for both conduction and support. I
b) Bordered pits which appear in lengitudinal view as 3

openings in the secondary wall, and are able to move ¢

; water between various trachieds. (See Figure 2.) %
i . N 3
4 c) Vascular rays which are one cell wide and hard to see §
1 are present, In soft woods rays make up about 8 per i
i cent of the wood volume. 1
2. Hardwoods have a diffevent cellular arrangement. ")

a) Hardwocds have trachieds, but wood fibers, cells or
the same general form but considerably modified, are
more common .
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(1) Wood fibers have smaller cavities than trachieds, are

Tonger and taper more at the ends, and have pits
greatly reduced in size,

(2) The function of the fiber is mechanical support,
Tittle or no water moves throlgh them.

b) Vessels are tube-like structures of considerabie length
for water conduction.

(1) Some vessels are compartmented by transverse bars.
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(2) Vessek distinguish hardwoods from softwoods.

(a) Vessels in cross section may be seen

with the hand Tens or naked eye as tiny
openings.

(b) Vessels elements also bare pits on the
side walls.

c) Parenchyma cells and their patterns are wood identifi-
cation keys; they are short relatively thin-walled
cells. They function in metabolism and storage of
plant food materials.

(1) Axial parenchyma occurs in strands along the
grain,

(2) They may be visible with a hand lens on the
transverse surface of wood as dots, as sheaths

around pores, or as broken or continuous lines
or bands.

C. Cell alignment in soft and hardwoods

1. Softwoods display a sequential, radial pattern of cells
in a transverse section.

2. Hardwoods show no significant patiterns, but display cells
in a more random pattern.

D. Rays are ribbon-shaped strands of cells which extend radially
within a tree and vary in height from several celis to four
inches or more in oak.

1. Softwood displays vascular rays which extend in radiating
[ines from the vicinity of the pith through the wood and

being one cell wide are hard to see in macroidentification.
(See Figure 3.)

2. Hardwoods show great variety from broad to invisibie rays
with the naked eye.

a) In a few hardwoods rays are only one cell wide and
comparatively few celis high.

b) 1In most cases they are many cells wide and extend
verticaliy some distance in the wood.

c) Some species have both narrow and wide rays.
3. Rays as seen on a radial surface 1is expressed as fleck.

E. Resin ducts expose resin in the sapwood of softwoods.
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1. Softwoods like the pines,

| ., Douglas fir, larch and spruce o
have horizontal and vertical resin canals. o

a) The canals are lined with living cells that secrete

oleoresin.

b) This material yields turpentine and resin.

c) Not all softwoods have resin ducts.

2  Hardwoods do not show the presence of resin ducts. ;

F. Tyloses is an jdentifying feature particularly in white qgk?‘
This material is a crystalline material that normally develops
in a vessel and seals the grain against air passage.

I1I.
and odor. :
A. Resin ducts present. (See Table 1) -
1. Numerous - Lodgepoie pine Southern pine : _ &
Ponderosa pine Sugar pine
Sitka spruce White pine ‘.
2. Not numerous - Spruce Douglias fir E .. i?
Engelmann Larch S i
Red Eastern Tamarack ke
White Western
B. Non-Resinous. (See Table 2) - .;7
1. Odor present - Cedar Eastern Red cedar f{
Alaska Yeliow Northern White cedar i
Port Oxford White Baidcypress E
california Incense 5
Western "
2. Odor not present - Fir Hemlock ﬁ
Fastern Balsam Eastern f
Western Balsam Western :
California Redwood :
Noble g
IV. Hardwoods - Broad identification classification based on ring and f
diffuse porous and rays. §
A. Ring porous (See Table 3) b
1. Broad rays present - Oak h
Red group ;‘ f
White group REE :

Softwood - Broad identification classification based on resin ducts

o S o e R




2. Broad rays absent

] American chestnut Green ash
American elm Hackberry

4 Aspen Pecan hickories
4 Black ash Red elm

[ Black cherry Rock elm

g Black Tocust True hickories
2 Black walnut White ash

4 Butternut Willow

Cottonwood

B. Diffuse pofousa (See Table 4)

4 1. Wide rays present - American sycamore

L Beech
° Red Alder
- 2. Wide rays absent
4 Aspen Cucumbertree
- Basswood Hard Maples
3 Birches Soft Maples
1 Black Cherry Southern Magnolia
4 Black Gum Sweetgum
: Black Walnut Tupelo Gum
3 Butternut Yellow-Poplar
Cottonwood
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] CALIFORNIA STATE COLLEGE i

§3 LONG BEACH
%ﬁ WOOD TECHNOLOGY +
WOOD IDENTIFICATION r

Purpose: To provide experience in the scientific identification and %

5 classification of woods through the use of key and punch :

; cards. :

8 1

iﬁ Apparatus required: E

E Magnifying glass :

¥ Knife

if Paper punch

g Scissors

Sorting Pin

Reference Key

Pen and Black Ink

15 Identification Punch Cards
15 Wood Samples

Experiment:
1. Evaluate and identify at least 1% different woods,

2. Punch out the identification cards using the Paramount
Multiple Entry key as a reference.

3. Label the punch cards with the botanical and common
names of the samples.

4, Design and construct an expandable filing system that
will hold about 100 - 5 x 8 cards.

Questions:

2 = “
P T T D D R X L PN R i W T e T R T S S SO N NN S M
bl el o S s ik Dt ot ke bkt T M sty o e L i et o v e,

1. What is a wood identification key?

A N R s

: 2. What is the principle employed in the wood identification
4 process?

LR v D A A ST e
it s A T

3. How does the punch card system of identification utilize
this process?

Tt ot
- A g
AT e L
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Desch, H. E., Timber, Its Structure and Properties




References

S D T R e O W R R RS DO S T T L ST TR

Ao S e e S,

AN

Holtrop and Hjorth, Principles of Woodworking
US Dept. of Agriculture, Wood Handbook No. 72

Barnes and Noble, General Botany

oo o o S e e A

A R g Y S T ..,t
Pk PR S e L 1

2 S S e B A T e S
UL S A T B S T el R TT PP T | 1Y R B i b S S A

SRR Qo N s e e el S

TR
o
YRR ool

5

RUVER IR

T RIS

wﬁ'&q}" R

=

TN stk

i
3
iz
}
:



PAruntext provided by enic [

2 3113213313435 WHiTi54, PALE BROWSN,
. c ‘2"2 0 ‘;,8 T z PALT TELLOW, STRAW
MODERATELY Z [a2I8F 1891 2121 . [OaAw. Brown
NUMEROUS @ |zo cei3z[ 5 8 DIEFINITE "BROWN
" ’ ol -~ T o< . - -
& vERY NuMEROUS 3 g¢ §§9 il B I AL A
« . h . 2 »
® 5l o c
o> - o 3] Otura Coloust~~giack,
© LARGE' =M 3’5 ; 2 PUNPLL AMENT YELLOW, £
D OINTERWEDIATE 2.3t MOTTLED OR
O visisr roNAssp Eve [V 1 2 - STREARY ' °
& SMALL ~INDISTINGT % LOCALITY B30AD & CONSPICLOYS a
— TO NAKED EYE GN CROS, SECTION L
B VERY SMALL~BARELY A% WIDE OR WIDER oy
N VISIBLE wiTH LENS 893 =Y THAN PORLS
= m >n "
3 ABSENT nH 4113 ?33?:?%“ THAN: g
: PiZm SAa|® ;
b RING POROUS OR 8 $ = TOw AP I NoT CLEsRLY VisiaLE ®
b SEMI-RING POROUS | 21 5 G &' d 51V [even worn Lens
- R ] -
3 'SPREDOMINANTLY {g 2% 3 o §°‘U < g Cansrie, on NADIAL ¥ou
QLITARY 2P L3 Iy SURPACE DUE 10 Cotoum  §
en o X3 =5 - -
B maoiai moirus—urre 4.2 X T m T . C e P
O anpD 1ncLun Cuates or 4 4 | |7 ] rr"’ 0. W o H GUM CANALS
- D x0 D L a >
. o £ - E
& RADIAL HULTIPLES > M3 ® s = ABSENT o
M CHANS 07 ORE THAM A Z |20 .3 5 o X ;g LN
> > =2 v
g osLIQUE g 23 2‘1 "~ g_ oz 2 IN REGULAR BANDS. a
oy : WIDER THAN
0 % '—::o eg'gag R THAN PORES'
20 xe 3 © | 14 REGULAR BaNDS. -
© TANGENTIAL ’:-" :% 23E3° g @ | O | NARROWER THAN_PORES
{ : @im e
¢ ; o £ 3 - : ¢ -
e c S « | IN IRREGULARLY
O CLuLTERS 7E 3¢ Z RS o
Mog o ~ o ACED BA[*DS
> > »
r 2% o :
? Tyioses common 32538 |15 l|.p]|Suskounome 3 (
a3 %582 >»al'w -
U WHITE OR YELLOW S2Se3FE6 Z 31 C | wine.Lire T
N DEPOSITS COMMON N R osolmic ~
i > 529 9 OMFLUENT
s B & r~ *
O veay Heavy - mo DIFFUSE * poo
w L5 8333 |23 o
o =0 = ¢ .
P Heavv—Moo. HEAVY] 5 1% #58F o HETICULATE °
-1 0
- LiGHT~~MOD, LIGHT AHAYHODOLO L A DEFINITE Opour I
(6] b :_E‘ . o . [e}
T ) @i almix i diFrOTHING TEST N
' VERY LIGHT 21010121 X lpositive
@ 3 Yo pano . S13 13157 [mieme marns
r zZ !
i r .
® 3 Haro w cur S f 18 |0 |yemca canais
[y} -,
o z [
©  YOERHMEDIATE m ‘ 3
@ O VERY SOFT TO CuT & ]
N0 ACROCS GRAIH - joelez
T 600/\0[0|0|0]
. L

The multiple entry card-key in operation

By courtesy of the Cleaver-Hwme Press, Ltd.

s

R B

SR AL

FRB e e

B T PR R

2L e
Sdiges

o

s it
N R

A

;
z
i

f

A SRR

ol

i

N




Some Record Trees

For the record, bigness in trees is arrived at by adding the
circumference in inches, the total height in feet, and one
quarter of the crown spread in feet. Thus a very tall, very
slender tree may not be the biggest of its species; the total
growth remains the criterion. These champions were chosen

from a list compiled by The American Forestry Association.
The list is kept up to date as larger champions are discov-
sred and reported by observers all over the country. Anyone
discovering a record tree may write to: The American Forest-
ry Association, 919 17th Street, N.-W., Washington 6, D.C.

SPECIES C":‘;‘:':"/ZE:;;CE HEIGHT SPREAD LOCATION
ALDER, RedorOregon ...........cveneen n-6t/2" ........ 89" ...t 67'....... Olympic National Park, Washington
ASH.Green ....oivviineneiiirininnenenns 145" o 05 . oeennn 79'....... Big Oak Tree State Park, Missouri
WHILE oot eiennnnernnneenens 2203 il 80'......... 82'....... Glen Mills, Pennsylvania
ASPEN. Bigtooth ........coovviiiienieene Ol e 90’ ........ 75'....... Rocks, Maryland
BALD CYPRESS, Common..............s 398" i 122°-6"...... 47°....... Weakley County, Tennessee
BEECH, AMETiCan . ...covvvevrrnninaenns 12°-10" ........... 126'......... s West Feliciana Parish, Louisiana
BIRCH, Paper........ e 10 =14 oo 96" ........ 93'....... Lake Leelanau, Michigan
BUCKEYE, Ohio....cveeernnniinieannnn. 9 96"......... 3. Near Dayton, Ohio
CHERRY. BIacK. . ...vvenereeneaenncne., 234" i 102'......... 89'....... Lawrence, Michigan
CHESTNUT, American.........ocoeeveen. 15-31/2"......... 72, 67....... Near Chelsea, Michigan
CYPRESS. ATizONa.....c.vvvvvernnnnnnnnn 17°-5" e 102'.......... 38'....... Coronado National Forest, Arizona
DOGWOOD. Flowering ........ccoevveens 4" e 30......... 42'....... Near Oriole, Maryland
Pacific Or WeStern. ...vvevneeneeneenncnns 6-11" .ol 100"......... 45'....... Milwaukie, Oregon
DOUGLAS FIR, Common................ 334" 228 6l°....... Olympic National Park, Washington
ELM, American or White ... ............. 247" 60"......... 147'....... Near Trigonia, Tennessce
FIR, Cascades or Pacific Silver............. 26'-3" s 245 ........ 54'....... Olympic National Park, Washington
NODBIE © v eveeeeeene i einreenaenseens 228" e 260°......... 35 Columbia National Forest, Washingtom
Red or CaliforniaRed......cocovvvniannt 26'-3" Lol 177% e e eeeea Calaveras County, California
WHILE o't rerernrreneenneassnsoresnanns 255" e 189'......... - Yosemite National Park, California
HEMLOCK, Canada or Eastern........... 199" L. ieeiiint 98'..... .. 69'....... Greai Smoky Mountains National Park, Tennessee
HICKORY, Shelibark.........oooevunenen. 128" Lo 1227000000 70....... Big Oak Tree State Park, Missouri
HOLLY, AMERICAN «veeuvneernenenreneenes 134" [iieneenn. 53 iiinnn. 61°....... Near Hardin, Texas
HONFY LOCUST. Common ............. 489" ..l 92 i nns 1M2'....... Near Queenstown, Maryland
LARCH, Eastern or Tamarack ..... eeans [ 1 S 60'......... 60'....... Chaplin, Connecticut
LIiNDEN: BASSWQOD, American........ 16-11" . ooeene.n. 13......... 67'....... Grand Traverse County, Michigan
LOCUST, Black ....covvvevuenranencncnens 151" et 85 . ...t 60'...-.... Near Jefferson, Indiana
MAPLE, Red....oviireeniininnnnenennes 20'-8 172" ........ 60'......... 50'....... Annandale-on-Hudsor, New York
SHIVET . e teeseereeneeansseassasessanns 22°-10" . ...l 1o'......... 93....... Feticity, Ohio
177 PO 199" ... He'......... 75 ... Garrett County, Maryland
OAK, BlacK ©ovneenenineinnneatonesnennes 199" L....oeae.s. 9......... 138'....... Lloyd Neck, New York
Buror MossyCup ....coovvveeeinanennen 209" ......lel 1o'......... 107°....... Algonac, Michigan
LIVE ottt ieenrenasennranenasssanns K SO 78, 168'....... Near Hahnviile, Louisiana
T YN 16" e, 135 ........ 135°....... Saint Davids, Pennsylvania
PECAN .. iiiiiiiiiieennecneencnsnaacas 214" 135'......... 145°'....... Assumption Parish, Louisiana
PERSIMMON, Common ................. LRI 80"......... 73'-6" ... Near Johnson. Indiana
PINE. Jeffrey ...oovvvnviniinernnnnnncnnns 19°-10"" ........... ist......... 40°....... Los Padres National Forest, California
Loblolly . oveeiiiiiiieiiieneieeens 16'-6" .....ooialt 128" ........ 64'....... Near Ammon, Virginia
PONdEroSa ..ovvvvervveeeecnonncnacnennns 271" 162'......... e ieeee Near Lapine, Oregon
Shortleal ....o.vvvveeeeieereereennenenns 107" veeieeeen 146'...... e 60l Morganton, North Carclina
SUBAT. ..iviii e 328" 220'......... K Stanislaus National Forest, California
Western White......covvveiiieniieaeaanes 283 e 219 ..., 36 .a... Near Elk River, Idaho
PLANE TREE: SYCAMORE, American ., 32-10" .......... 5 80 ...l i02'....... Near South Bloomfield, Okic
PCPLAR: COTTONWOOD, Eastern.....” 30.....ooveeinenn 90......... e Kearney, Nebraska
RED CEDAR, Eastern.............. Geenen 134" 62'......... 42'....... Cumberstone, Maryland
REDWOOD, Coast ......cvvveveens fe%.... 65'9"(at6"y...... 300'......... _— . On Redwood Highway, California
SASSAFRAS, COMMOn. ..o .vvvvennvnnns [ 886" ..... 63" . ... Owensboro, Kentucky
SEQUOIA, Giant ......ocovvveeeieieneenns 10i'-6" (at base)....272°......... 90'....... Sequoia Nationa! Park, California
SPRUCE, Coloradoor Biue ............... a9 oo 123,000 e Gunnison National Forest, Colorado
ENEIMANN « . evveeeennasnnenessneeees UL U 04 ... 30°....... Cache National Forest, Idaho
Sitka oovvviiiieeiininans eeeeens (- AR T 1Y LR 180'......... 50'....... Olympic National Park, Washington
TULIP TREE: YELLCOW POPLAR....... 2676 Ll 83......... 98'....... Annapolis, Maryland
TUPELO, Black or Blackgum ............. 159 Looeiiieeitn i30"......... i00'....... Near Urania, Louisiana _
WALNUT, Eastern Black ................. 203" el 108'......... 128....... Ant Arundel County, Maryiand
WILLOW, Black......covvviviinnneeeennns p 13 R 85 ... 79'....... Traverse City, Michigan
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The Physical Nature of Wood
Hygroscopicity

I. Wood is hygroscopic in nature,

A. It is an affinity for water and can contain it in two states:

].-

2,

Hygroscopic water is that water which is bound by the
cellulose within the cell walls,
Free water is water which is found in liquid form and con-

tained by the cell structure intracellular (within the
lumins) or intercellular (between the cell walls),

B. Because wood is hygrosocopic, it Moves.

].-

Movement in wood is change of size and/or shape due to
shrinkage or swelling, Also known as "working'.

a.)Movement can only occur below the fibre saturation
point (25-30% moisture content) at which there is no
free water present and the loss or gain in moisture
content is related to hygroscopic moisture alone.

b. )When wood contai ns free water, it is considered green,

Movement in wood is anisotropic (also, differential shrinkage)

a.)It has varying rates of shrinkage dependent on the axis
upon which it is measured.
b.)The anisotropic rates of shrinkage are approximately:

(1) Transverse direction (parallel to the grain)
0 to 1% {from wet or green to K,D.)

(2) Radial direction {from pith to bark)
6 to 8% (from green to K,D. condition)

(3) Tangential direction (along the annual ring)
13 to 15% (from green to K,D, condition)

c. )This anisotropic response to moisture is the main
cause for problems in wood utilization., (See '"Seasoning
and Seasoning Degrade in wood')

The prevention of movement in wood, or stabilization has
been the subject of research to woodworkers fcr centuries,

a,)The simplist, but leari effective means has been to
apply a protective filmn over the wood. (paint, varnish,
etc.)
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b b. )See "Protecting and Preserving Wood In Service" 1

4, The typical response of wood to the seasoning process is
illustrated in figures 2 and 3 in the chapter '"Moisture
Content in Wood"

C. An experiment which demonstrates the hygroscopicity of wood
may be conducted with simple apparatus as exampled by that
performed by students within the Wood Technology Program at
California State College, Long Beach. The accompanying outline
may be utilized as is or modified to suit the instructor's purpose.




California State College
[ Wood Technology
Experiment

i Hygroscopic Nature of Wood

Purpose: To stress the importance of adequate knowledge of the
hygroscopic nature of wood in the design and development
of wood products,

Apparatus Required:

l inch micrometer

oven

balance

8 - 7/8 inch wood cubes

8 plastic bags

3.refrigerator (double wall) paper bags
glass jar

water

graph supplies

Experiment:

1. Carefully machine sand the wood cubes to exact
7/ 8" size,

2. Oven dry two of the samples and determine rhe
moisture content for all eight samples.
3

r 3. Weight measure and label the blocks, Each block
should have a number (1-8) and the sides of the block
should have a letter (transverse - A) (radial - B)
(Tangential - C) A ball pen can be used for the labeling
process,

4. Completely submerge the two blocks that were oven
dried, plus two additional blocks, in water.

5. Expose two of the blocks to outdoor elements on
3 the shaded north side of a building. Be sure to
pick a safe location.

6. Place the two remaining blocks in a normal room
atmosphere,

7. After ten days, collect the samples and seal each group
individually in a plastic bag. Package the three groups
in separate freezer bags and bring them to class on the
day of collection, Again, weigh and measure the blocks,
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Questions:

8. Record and evaluate the moisture and measurement
changes in the blocks, Use the bar graph to compare
the results, Be sure to include a comparison of
changes in size of the various sections., Equate in
percentage scores,

l. Was there a significant difference in the changes in
weight and measurement between the two oven dried
samples and the two other submerged samples?

2. What is the significance of this study to an industrial
arts teacher or craftsman?

3. What is meant by "maximum moisture content'?
4, What is meant by ""moisture gradient'?

5. What is the 'fiber saturation point'?

6. What is meant by "moisture equilibrium!'?

7. What is me ant by the term '""hygroscopic nature of
wood'"?

8. How does a board absorb and release moisture?

9. What can be done to reduce the absorption of moisture
in wood products?

10, What is meant by the term ''conditioning wood joints''?

11, In which direction does wood expand the greatest

References:

amount when subjected to moisture? The least amount?
Reference this question to the transverse, radial and
tangential sections.

Holtrop and Hjorth, Principles of Woodworking

Panshin, Zeuun, Brown, Textbook of Wood Technology

U. S. Department of Agriculture, Wood Handbook No. 72

Desch, H.E., Timber, Its Structure and Prcu=rties
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DENSITY IN WOOD

I. Density in wood is usually expressed in terms of weight per unit volume

volume, '
A. On the continent « grams per cubic centimeter,
B, In the United States - pounds per cubic foot,

II. Determinitiocn of density

A. Accomplished by dividing the weight by the volume,

B. Weight is obtained dlrough the use of either balance or a
pair of scales,

C. Volume is dstermined through cdirect measurement of the specimen
‘whieh should smot be less than 3" x 2" x 1", (Timber, Its Stucture
and Properties, p.110)

D:. The formulas for finding density are:

1. weight in grams . welght in poumds
volume in C.C, volume in cubic fest

2. Smaller samples than 3x2xl may be used to determine density
if the immersion method is used; (Timber, Its Structure,..)
a. Place a beaker of water on a pan or balance and counter-
balance with sarnd or weights,
b, Suspend the test block, completely submerged, by a needle
- " which in turn is clamped to a stand, Do thils without
overflowing water from beaker, amd without block in
contact with the sides, Seal ths block before immersion.
¢, Add weights to the counterbalance pan until equilibrium
i3 restored. The weight in grams added is equal to
the volume of the test block (water is 1 gram/CC)
&, Utilize the following formulas:

(1) weight of block in grams
‘ Weight in grams added to restore balance
(2)

Weight of block in pounds

Weight in ounces added to restore balance x 0,00i

III, Specific gravity may be determined through the use of the following
. graph after the density has been found in lbs,/cu.ft, or by employing
~ the accompanying experiment which must be limited to Wauydnbi-
. specimens,
A. The specific gravity of the cell wall matarial in all woods is
" approximately 1.5 ( i} times the weight of equal volume of water)
- or sbout 94 lbs/cu,ft, | |
B, Different timbers may very in weight from about 3 to 83 1bs./cu,ft.
C. Variation in density may be caused by :
1.:.Difference in specles,
2. Rate of growth, and site conditlons.
3.  Location from which a timber was taken within & single tree,
a, Heaviest wood found at the base of the tree
b, Wood closest to the pith is more dense than that near
the bark in hardwoods - the reverse in softwoods.
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C. (cont'd)

3, ¢, In diffuse porous hardwoods there is at first a slight
increase in density as one moves from the pith to the
outside of the tree, the a reversal to gradual decrease,

D. The practical significance of density in wood ,

1. The best single criterion for strength (generalization)

a. Because it is generally an indication of a higher
perdentage of cell wall substance per unit volume,

b. Lesser density is usually an indication there is a
higher proportion of soft tissues (parenchyma cells)

per unit volume and consequently more cells whibh have
thin,weak walls,

ll gt S v,
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THE STRANGIH PROPSRTIES OF WOOD

I, Definitions:
A. Strenzth is the ability to resist external forces or loads
¢ B. Stresses external forces or loads which to tend to change the
; size and/or shape of a material,
- 1, OStresses are expressed in load per unit area,
| 2. The unit stresses are described in terms of lbs/sq.ft. or
g grams/sg, centimster.
C. Deformation or strain is the term used for change in size and/or
shape,
. D. Proportional limit is that point at which wood no longer cde-
; forms proportional to the load applied,
s i, Fibre stress at proportional limit is the quantitative value
5 of the stress applied at the proportional limit,
slasticity is demonstrated by a materials ability to return to
its original size and/or shape after stress is withdrawn,
Elastic limit is that point at which any further applied stress
will result in permanent deformation,
Fermanent set is the term applied to permanent defprmation,
Failure or rupture occurs when the cohesive forees within the
materialsis exceeded by the stress applied,
Fibre stress at maximum load is the quantitative stress applied
at time of rupturs,
Compressive stress is a force tending to crush a material,
1. Compressive stress may be expressed in rekméion to wood
fibre direction,
2, 'When compressive stress is qualified regarding directien,
it is either called compresslion on end grain or compression
on_edge grain,
Tensile stress is a force tending to elongate the fibres in wood.
Shearing stress is a force tending to slide one portion of &
material over the other, It too is oriented in relation to
rpein direction,i.e,, shear parallel to the ¢rain or shear
perpendicular to the grain,
1, Shear perpendicular to the grain can never be measurad
accurately due to combined compressive stress, tonsile
stress and shear parallel to the grain. (see fig,1)

2, Shear parallel to the grain can be determined more easily
because the compression strength on erd grain exceeds the
cohesive nature of the wood along the length of the fibees,

Flexibility is the ability to bend freely and return to original
shape,

Stiffness is the ability to resist bending,

Modulus of elasticity is a measure of the relationship between
stress and strain within the limit of proportionality.
Brittleness is the property of suffering little deformation
without breaking. It does not imply weakness,

Toughness is defined through combining three different criteris
of measurement:

1. Shock-resisting ability, tested by the drop of a special
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(50 pound hammer)
weighted harmer, (In timber testing laboratories)

2. nork done to maximum load which is stress applied to
cause rupture or failure,

3. Total work in berding provides an estimate of the ability
of the material to sustain a considerable load after maxi-
mum load has been reached,

5. Hardness, like toughness is defined in more than one way:
1.Hesistance to cutting,

. a) Due to crystals or

b) deposits of silica in storage tissue and inter-
locking fibres,

2, Resistance to abrasion,

5. Resistance to indentation - easiest to measure by a -

standard,

Assessment of Strength Properties
A.Much empirical knowledge exists regarding strength properties
of some common species,i,e,;
1, Oak as a structural material,
2. Ash for toughness in tool handles, etec,
3. Holly for hardness,
B, Much need for accurate comparison of timbers from different
countries, or even different sides of a mountain range,
1. Posiible only through standard testing procedures.
2. Most practical, time-wise, under laboratory conditiona;
though most valid under service conditions,
&) baboratory-ieonditions give quick results.
b) Service conditions actually subject test items to
practical and accurate site conditions of usage,
C. Evaluations are based on stress measurements;

1. Load
Sectional area

2,
strain measurements:

Deformation
Original length

D, Timber testing laboratories established by governments after
19141918 war years at:

, Princes Risborough, Zngland,

Ottawa, Montreal, and Vancouver, Canada.

Forest Froducts Laboratory; Madison, wisconsin,

Melbournse, Australia

Dehra Dun, India

Sentul, Malaya

AN




III. KMethods of Determining The Strength Properties of Wood
4. Two alternative methods
1. Service tests %
2, Laboratorg experiments

~=--The advantages and disadvantages

of these have been discussed.

B, Laboratory experiments conducted on small, clear specimens

i, 7or comparative purposes, as an indication of strengths,
2. Avoids influence of knots and other defects thus requiring
the use of a reduction factor to obtain working stiresses,

C. Laboratory tests on timber of structural size

1. Hore nearly reproduce site conditions,
2. More valid for they include such defects as knots and
splits, ==ee~==COSTLY!

D, [Full scale tests of commercially important trees 2re
made on specimens within:a species from more than one locality
and may involve more than ten or fifteen trees to allow for
variation between different trees within a species,

A, Recently, it has been found important to test:ispecimens
taken from given environment that may have unique iunfluence
on growth rate or other characteristics.

IV, Strength Tests
A, Compression test
1.. Perpendicular to the grain, (see fig.2)
| a) Specimens are 2"x2"x6" with two radial surfaces,
b) Readings of deflection and load are taken simultane-
- ously
¢) The stress computed is at fibre siress at proporticnal
limit,
d) Compression is over Z square inches centzally located
along length of test piece,
e) Formula is:

Load in pouwnds
Bearing surface in sq. inches
F) Values computed are of same order as in hardness test
g) High values indicate woods sultable for use as
sleepers, rollers, wedges, bearing blocks, bolted
{timbers.

2. Parallel to the grain (see fig.3)

a) Specimens are 2"x2"xB"

b) Specimens are placed on end on a flat surfaced, hemi-
spherical bearing.

c) The Joad is applied through a plate contacting the
full sectional area of the second end of the piece,
parallel to the grain,

d) During regular load increments, readings in deformation
are made up to point of failure,

e) Calculations made are in lbs/sq.in, at:

(1) Maximum crushing strength,

(2) Fibre stress at proportional limit,

(3) Modulus of elasticity (in inch-lbs/cubic inch).
(4) work to elastic limit,
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(5) Formulas:
- 1d.at Prop.Limit x Orig, length

Modulus of elasticliy = X-sect,in sq,1ins,x total short,at
Prop,.Limit

19.at prop.limit x total short.at
2 rop, limit
2x volume of test sample in cu,ins,

Work at Elastic Limit =

(6) Membsrs subjected to compression have high proportion
of length in relation to their cross-section area,

(a) Likely to fail in bending before full crushing
force is applied.

(b) Test samples consequently are of large cross-sectional
area in relation to their length, to permit load
to compression fallure,

(e) Compression test is considered best single cri-
terion of the strength properties of a timber,
(see fig, 3) A test procedure is included at the

B, Shear Tests ' close of this chapter,

1. Shear perpendicular to grain is not measured because other
forces contribute to failure. (see page 1, M.ard fig.1)

2, Shear parallel to the grain is measured at the point of
compiete failure,

3. Shearing strength with the grain is determined by the force
required to shear off a projecting lip from a block of wood
as 1llustrated in figure 4, |

4, Horizontal shear is demonstrated in figure 5,

5. A shear test experiment with accompanying jigs is ineluded
at the end of this section,

C. Static Bending Tests

1, Designed to determine cross breaking strength or strength

as a beam, :

2, Specimens are typlcally 30" in length with a 2',square end.
3. The test piece is supported at points 28" on center and
both ends are free to move,
4, The heart face of the board is toward the applied stress,
5. Load is applied at the middle of the span, (see fig.6 & 7).
6. Readings of deflection and load are taken simultaneously
with deflection incurred at ,015" per mirute,
7. Calculations made are for: .
a) Fibre stress at maximum load
(1) Formula: R - 1.5 P L
bh?
R - fibre stress at maximum load (modulus of .
(rupture )
P - load in pounds
L =« length of span in inches
b - width of plece -in inches
h - thickness of plece in inches
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b) Fibre stress at the limit of proportionalitv,
(1) Formula:

r=1,5 P1L
bl

r=fibre stress at proportional iimit in
lbs/sq, ft.

: P1 = Lead at the limit of proportionality
in pounds,
L = Span }ﬁ inches,
b = Width of test plece in inches,
h., = Thickness of test piece in irnches.

o) Modulus of ilasticity
(1) Formula: 3
' P1L

B =

4 Dbh>

E = modulus of elasticity
D = Deflection in inches
P1, L,b, and h are as besfore,

d) Hardness. Tesis
(1) Consists of imbedding a .44 steel ball or
hemispherical rod .222" into the test piece,
(2) Tests are made on radial, tangential and
transverse surfaces of test piece, (see figs.9
and %0)
(3) See expekiment on hardness of wond.

e) Cleavability tost
(1) TFigure 11 illustrates test piece and apparatus
used in cleavability test

(2) Specimens are cut so that half are radial and
half are tangential,
(3) Some factors contributing to poor cleavability
resistance are:
(a)Radial cleavage:
_ 1) broad rays,
ii) straight grained timbers,
(b)Tangential cleavage:
+1) interlocked grain,
ii) tangential series of resin canals,
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V. The Influence of Microstructure of the Cell Walls on Strength Properties

A. Strength properties are roughly proportional to specific gravity.

B. In softwoods and ring-porous hardwoods, strength is governed by
the proportion of late wood in the growth ring.

C. In softwoods and ring-porous hardwoods,slow grown specimens are

below the average strength ard specific gravity for the species,
D, Strength values vary in lumber from a single tree dependenit upon
which location it was milled from, '
E. Environmental factors influencing growth sometimes produce time-
bers of more than average strength for a given specific gravity.
F. Abnormal tissues such a5 compression wood (softwoods) and tension
wood (hardwoods) contribute to critical varjations in strength
properties
1. Both have an extremely high rate of shrinkage from the green
to dried state,
2. Compression wood is heavy, dark and brittle,
3. Tension wood is light in weight, light in color and fibrous
in nature, '
G. Wide variations in strenmgth largely dependent upon the composi -
tion of the cell wall,

1, Usually due to lignification factors. |

2. Lignification takes place largely in area of the secordary
wall of fibre cells.

3. Initial failure occurrptimarily in the middle lamella or
in psrenchymatic tissues,(soft tissues) a special zone of

 weakness due to very thin cell walls, -

L4, The composition of the cell walls is determined by growth
conditions related to enviromnmental temperatures, absence
or presence of water, traces of certain mineral elements,

a) There are optimum conditions under which each species
will develop its best qualities.

b) Trees of the same species growing on different sides
of a mountain may have entirely different properties,

VI. The influence of Moisture on the Strength Properties of Wood
A. Generally, the higher the moisture content, the less strength.

(see table*)

* Garrat, G.A., The Mechanical Properties of Wood. dJohn Wiley & é‘
New York, 1931 p 133, v one
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AVERAGE INCREASE (OR DECREASE) IN VALUE OF VARIOUS STRENGTH
PROPERTIES EFFECTED BY DECREASING (OR INCREASINC) MOISTURE

CONTENT 1 PER CENT. WHEN AT ABOUT 12 PER CENT.?

Property Per cent.

Static bending : _.

Fibre stress at elastic limit . . . .« e . 6

Modulus of rupture . . . . . . . 4

Modulus of elasticity . . . . . . . 2

Work to elastic limit . . . . . . 8

Work to maximum load . . . o . . -1
Impact bending :

Fibre stress at elastic limit . . . . . . 4

Work to elastic limit . . . . . . 5

Height of drop of hammer causing complete failure . -3
Compression parallel to grain :

Fibre stress at elastic limit . 5 . . . . 5

Crushing strength . : « e . . . 4
Compression pe}pendicular with grain : .

Fibre stress at elastic lim:t . . . . . . 6

Hardness — end . . : . . . . o 3

Hardness —side . - . . . . . . 1
Shearing strength parailel with grain . .« . e . . 4
Tension perpendicular to grain . . . .« . 1

Fig 5
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VII. The Influence of Befects on otrength
A, Defects fall into two catsgories covered in the section ol
"Natural Lefects" and"seasoning Legrade", Briefly:
1. Grain irregularities,

2, Splits and checks, shakes, .
3. Presence of rot, 3
4. ibpnormalities in anatomical structure: 3
a) Frost rings and checks,
b) Compression wood L
¢) Tension wood :
; d) Abnormal concentrations of soft tissues (parenchyma) 1
9 4. Knots, ]
v 5, Bark pockets, E
- 6. Pitch pockets, streaks and gum veins,
i 7. Latex canals, 8. Cross grain, i
1 B. The position of a defect in a timber is the most critical factor

] accompanying its presence,

3 1. Defects near an edge of timber are serious in bending stress.

2. Knots have little effect on compression strength parallel
to the grain, and degree of influence is governed by size,

4 3. Shakes, splits and pitch streaks are eritical factors in

| shear parallel to the grain.

Lk, rresence of compression wood and the resultant "spungy

- heart” (checks acress the grain) which occur in seasoning

have critical effect on bdging strength, shock resistance,

5. More critical than the presence of a knot is the cross
grain around a knot. The further a knot is away from
support, the greater the decrease in strength in the

i member,

; C. Reduction factors employed to compensate for prsence of defects,

1 1. based on empirical knowledge, often called "Fudge Factors".

9 2. Different factors used dependent on condition of usage,*

a) IncBendin
(1) 1/6th in dry places, under cover,
(2) 1/7th outside, but not in contact with the soil,

(3) 1/8th in wet places,
(based on figures for green lumber)
b) In compression parallel to the g ain,
(1) 154th in dry places,under cover,
(2) 1/4th to 1/5th, outside, not in contact with
the soil,
(3) 1/5th in wet places,
(based on figures for green timber)
¢) In shear
(1) 1/10th of the average of the figures for radial
and tangentlal stresses,

d) In’side or edce grain compression
(1) 1/2.25 of the figure for the compressive strength
perpendicular to the grain at the limit of pro-
portionality.

* Desch, H.b,, Timber, its 8tructure and Properties. McMillan & Co., <
New York, 1933. F.138. .
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California State College
Long Beach

Hardness of Wood

“

Purpose: To develop an understanding of the term "hardness”
and its many ramifications in design and construction.

Apparatus required:

Hardness evaluator

Hydraulic press with gauge

Samples of 10 different woods (1x2x2)
Drawing paper

Colored pencils

Experiment:

W —

Questions:

ol whnhy —

References:

<

Properly identify the wood samples

Mount the hardness evaluator on the hydraulic press
Insert the wood sample into the sample holder

Bring the hardness evaluator up within range of the wood
sample and in a position where the indicator light is
visible

Pump the hydraulic press until the light is on and record
the gauge reading

Complete this process for both the end-grain and side-
grain surfaces on all ten samples

Rank the woods from soft to hard and develop a descriptive
bar graph to compare the results.

What is meant by the term "hardness of wood"?
How is the hardness of wood evaluated?
What is the relationship between the moisture content

and the hardness of wood?
What is the relationship between hardness and resiliency?

Why is the study of hardness of wood an important phase
of wood technology?

Desch, H.E., Timber, Its Structure and Propérties, MacMillan

1962, 3rd edition (corrected)
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_
+ ,
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AT LONG BEACH
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California State College
Long Beach
Wood Technology
Anisotropic Properties of Wood

Purpose: To exhibit the variation in the physical properties of wood
when tested along major directional axes.
Apparatus required:

Hydraulic press

Strengih evaluation jigs

8 Transverse grain mahogany test pieces (1/2'" sq. x 8'" long)
8 Tangential grain mahogany test pieces (1/2" sq. x 8' long)
Graph materials

Experiment:

I. Compression test

—
L ]

Mount the strength evaluation jigs on the hydraulic press.
2. Insert 4 of the transvers and 4 of the tangential test pieces
in the holes provided in the upper and lower parts of the

evaluation jigs and apply breaking force,
3. Record the force required to break each piece.

II. 1. Locate the remaining samples in the noiches on the top
section of the evaluation jig and bring the hydraulic
ram up to hold them in position.

2. Apply breaking force to each of the samples.
3. Record the data,

III. Develop a descriptive illustration of your own design that
will asses the strength of the various sections in both the
compression and shear tests,

Questions:

l., What are the implications of this experiment to the design
and development of Industrial arts projects?

2. Why is wood stronger in one direction than it is in
another?

3. What is a tangential section?

4, What is a radial section?

5. What is a transverse section?
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TESTING THE SHEARING STRENGTIH OF WOOD ;
.
Objective: ]
The purpose of this experiment is to gain an under- i
standing of what "shearing strength" is, its relation- :
ship to the testing of small clear samples in the
laboratory, and the applications of small sample 3
testing. E
Apparatus Required:
Hydraulic press with gauge k
Shear Testing Jig |
10 samples of different woods (see fig., 2 for size). ;
10 samples of the same woods that have been soaked i
in water for 2 days (see fig. 2 for size). |
Graph materials i%
NOTE ¢ k
If the hydraulic press available for the testing 5
doesn't have enough force for this standard sized ?
sample, then the samples can be modified., This can E
be done by making a saw cut parallel with the grain :
and in line with the back of the protrudina lip. ;i
This will reduce the cross-sectional area and, there-
“§ fore, will reduce the shearing strength of the sample,
i’ but because this experiment is used for comparative §
g 1
fi purposes only, it won't affect the experiment results f
‘i any if all of the samples to be tested are cut to §
:é the same depth. g
b




'Procedﬁres:
| 1) Properly identify the 10 different wood samples.

2) Mount the shear testing jig (fiy. €) on the
hydraulic press. Be sure it is mounted in the
correct position,

3) 1Insert the 10 dry samples (see fig. 5) one at

| a time, into the press and apply enough force to

shear the samples in half, Record this force
on your data sheet,

4) Ingert the 10 soaked samples, one at a time and
record the force required in the same manner as
above,

5) After you have completed the testing of the
samples, compare your results with the statis-
tics‘given in the wood handbook table 12 (column
13) assume your soaked samples to be green timber.
Include these statistics in your data sheet.

6); Rank the woods according to their shearing
strength and make é bar graph to show the relation=-
ship between the different woods and the difference
between the dry and wet samples.

ﬁgperiment Results:
: 1) Why is shéar strength only tested parallel to the

grain?
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2)

3)

4)

5)

6)

7)

What is a good example of shear failure in joint

construction?

What is the relationship between moisture content
and shear strength? |

What seasoning defects cause the most failure in
shearing strength? Why are these defects more
common in the radial plane than in the tangential
plane?

What is the biggest advantage of the testing of
small clear samples?

Why are correction fa¢tors applied to the data
obtained from testing émall clear specimens?

Why is an understanding of strength properties

of wood important to an industrial arts student?
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DATA SHEET:
Specimen Shear Strength (P.S.I.) Shear Strength (P.S.I.)
' (Dry Samples) (Wet Samples)
Your Data |Books Data Your Data| Books Data
1. !
i 2,
3. |
4, .
5;
g 6.
DT |
: 8. ' | .
| 10, .
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Fig. 5 = Mounting a shear test
| sample in the hydraulic
press.
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~ DENSITY
A Physwcal Property of Wood

Wood is a cellular ma%er:al -
Cell wolls represent wood framework.

 Softwood cells- Tracheds- ()

" Hardwood cells -
Wood Fibers - ©

Vessels or Pores - ' 6 G Q

Wood weight when dry i1s an mdex of the
“amount of cell-wall substance.

a .‘“:”,, ] (e——F——0

Wood substance a reliable indicator oF S'l'reng{‘h
.characteristics. -

Densﬂ'g olso affects the f’ol 'lowmg: ;
| Wood workine and fin'\e,hing charadér{ﬁ Ics,

2. The ex+en+ O'F dl‘mens{@nc\ Chanﬁ,_e Wl"‘\";h ChOﬂgé’s
o{: mast-ure below fiber sa-l'ura-{-ign P?'rﬂ_

DenSl\'&j plays an |mpor1’an+ cart m'ide{-ermmmj

'H\e uhlli'g of a gluen wood or a QIU@V':} plece,
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DENSITY

. AND
MoisTure ContenT

DensiTy : The mass or weisht of any substance
per unit+ volume.

i

e o S g Atk e S
sxa el sl s et e

EHéc—F of mo‘\s-\'ure content (M.C.)] on 'densi’rﬁ_.
Réd Oak | | | Redwood

Green \Nood
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SPECIFIC GRAVITY
WOOoD

Specific Gravity 1s dependent on:

Strengt-h of

Wood

2. The thickness of cell wdlls,
© ©

3. The Iinterrelationship of number of variouvs
kinds of cells as reloted to size(1) and wall
thickness (2).

1. The size of cells. @

High
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SPECIFIC GRAVITY.
WO 0D
Defined:
s the ratio of the density of a material

to the density of water. |
Water weighs- 62.4 pounds per cubic foot

Wt. ovendry semple wood

S pécific Gravity = | ,
Wt. of equal volume of water

Example: |f water-line
is exactly at mid point
specific gravity= 0.50.

Mid point
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SPECIFIC GRAVITY
WOOD

e AR VLA

The Rapnd Flotation McHwoJ i
An Approximation

Step 1. Wood Sample - Oven Dry

‘ Ou g
| |
N ~ / - / / f
_ < » N - “'
v ‘@
. Iu

Si‘ep 3

i ARt

s

R PR L X

AR A

0
-+
n
-
>

Float levei Value ]
o[/ S.G = I
Total lcng'l‘h. §

| $5.9 Mark

5.9 |

1 | 10"

S.G= 0.59

F1
FOES
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SPECIFIC GRAVITY
WOOD

Unted States and World Ranges

1

PO
)
S
<
Q

020 $— — ' 0.2l Range

= iO.sb ©.35

0.40 ¢

i . Common
——Mediuvm Rance 2 [Tf 050 Range

o-‘o -

0.65

os0l . Heavy | United Sfa"res
Range Range

roo -#— - : ' ‘ |,64\'

1.20 4

H
ht
Bl

] 140 e ‘ X ( X 140
Specific Gravﬂ't‘,
~ Values
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Experiment
Specific Gravity

The Rapid-Flotation Method for Determining
The Approximate Specific Gravity of Wood

I. Materials

PEo= xz—::l

u A. Assorted pieces of lumber; soft and hardwoods, 1" x 1" x 10".
Suggested species might be: oak, hickory, ash, cottonwood,
willow, pine, fir, cedar and redwood.

B. A transparent cylinder, filled with water, in which the
samples can be made to float on end.

II. Introduction

Specific gravity is a very useful value in helping understand
wood as a useful material for man. It has a correlation with strength
] which is an important feature.

It is an indication of cell size, cell wail thickness and how
] these two properties are interrelated. If fibers are thickwalled
and show small cell cavities, air space is relatively small and
S. G. tends to be high. If the fibers are thin walied or have

n large cavities or both, S. G. will be Tow,

Specific gravity is a ratio of wood weight, oven dry, to an

§ equal volume of water. Due to shrinkage of the wood the weight
of the volume of water displaced must be given at a given moisture
content below the fiber saturation point.

Specific gravity of wood based on green volume is one of the
most useful and commonly cited values. Standard S. G. setups are
K time consuming and laboricus. This short-cut method will prove
m% satisfactory 90 or more percent of the time.

oven dry weight of wood
Specific Gravity = weight of the displaced volume of water

B ITII. Procedure

1. Take the wood blocks and size to 1" x 1" x 10".
? [: 2. Mark the block into one inch increments.

- 3. Insert the block into a cylindrical tube lengthwise so the
L block floats in an upright position.

] 4. Read the water level on the block as accurately as possible. =
L If the block is remarked into ten parts only in the inch

increment of the water line an accurate reading can be had.

T U T SIS S P W~ NPy £ A A M A X = s ey . e — e o
) (e RN s & ?;3»;”4{ -‘.:"‘J':‘%}P#'a'p sﬁ’f’ff\iw
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IV.

5. Observe the pictorial representation on illustrated sheet.

Suggestions

1. In the Textbook of Wood Techviology, by H. P. Brown, A. J. Panshin
" and C. C. Forsaith, MrGraw Hiil Book Company, Inc., 1952, pp. 466-467,
values can be calculated on a volume basis for a test block with any
known moisture content. This is possible only below the fiber

saturation point.

2. When materials have two or more laminations of different wood
species like in some plywoods, the flotation method nicely
calculates the specific gravity. '

Discussion
1. How does your data compare to those published by the Forest

Products Laboratory as recorded in their publication Number 72,
Wood Handbook?

2. Why is specific gravity an important physical property of wood?
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California State College
Long Beach
Wood Technology
Porosity of Wood

Purpose: To emphasize one of the major characteristics employed
in the classification and identification of woods,

Apparatus required:

Porosity gauge
Sample wood discs:
Walnut Pine
Red Oak White Oak
Redwood Mahogany
Birch Ash
Compressed air and regulator

Experiment:
1. Attach the porosity gauge to the air source.

2. Remove the gauge cap of the porosity gauge and drop
in the pine disc. Replace the cap and tighten firmly.
Turn on the air and adjust the regulator for 30 lbs.
pressure. Once this calibration has been set, the
rest of the experiment may be conducted without further
adjustment.

Each one of the eight discs will be placed in the poros-
ity gauge and subjected to 30 lbs. pressure for a period
of one minute (60 seconds). At the end of that time

a reading will be ma de on the porosity gauge and the
results recorded.

A comparative bar graph on the porosity of various
woods is to be constructed. Group the hardwoods and
softwoods separately.

Questions:

Why is the understanding of ""wood porosity' important
for the student of wood technology?

What is meant by the term ""porous' as it is used in
wood evaluation?

What woods are classified as '"porous''?
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4, What structures are responsible for the '"blocking"
or plugging of ilie pores?

5. In the construction of projects, where will the
knowledge of porosity be helpful?

6. What conclusions can be drawn from this experiement?

Panshin, Zeeun, Brown, Textbook of Wood Technology,
Vol. 1

U.S. Dept. of Agriculture, Wood Handbook

AR
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SPECIFICATIONS
FOR
POROSITY - PERMEABILITY GAUGE

als afs als als als ols afs Al
G S fh Of oS e o8 2N

CALIFORNIA STATE COLLEGE
LLONG BEACH

ale als als als ols ale s afe
LA R S I S A A A )

WOOD TECHNOLOGY

QUANTITY DESCRIPTION OTHER SPECIFICATI ONS
1 CONNECTOR, air hose, brass, 1/4" None
standard fitting.
2 CAP, 3/4" pipe, Machined O, D, One cap is to be
1-5/8", length 1-1/8", drilled and tapped for

1/4" air hose connector
Second cap to have
raised and knurled
shoulder, Q,D, 1-3/4",

1 NIPPLE, standard 3/4'" pipe. Bored one end 1-3/32"
4-1/2" length. dia,, 7/8'" deep
producing a square
shoulder,
2 WASHER, thin gauge steel, 1-3/32 None
O.D,, 1/41,D,
2 WASHER, »rubber, standard garden None
nose variety,
] RETAINER, swiveling, for hose Rimmed to grip hose
] washer, _ washer,
1 RETAINER, washer swivel, | Braz=d to second cap,
drillel and tapped for
’ connecting pipe of pres-
sure gauge,
1 GAUGE, air pressure, 0-30 lb. U.S., Gauge Co. #15541-1
é reading., or equivalent,
1 GRIP RING, for cap. 1/8" x 3/8" strap steel
welded to gauge cap.
g J. 1 GRIP, for thumb on tester barrel, Welded to barrel
* between threaded ends.
Projection is 1'', and
nearest the bored end,




THERMAL CONDUCTIVITY, HEAT AND ENERGY FROPSRTIES OF WOOD

" In many situations the ability of wood ‘o resist the passage of heat,
electricity, or sound, is of greatest importance," (Desch, P.145).

I. Thermal Conductivity - Depends on Two factors:
A, Specific Conductivity - rate at which heat travels throughout
a material,

1. Anisotropic in wood
" a) Heat travels 2-3 times faster along the grain than
across it.

2, Dense Woods conduct heat more readily than light, porous
woods,
3. Calculation of thermal conductivity by formula:

K = x
(‘1‘1 - TZ) 46

 Q = Heat expressed in B.T.U.
= Thickness of test panels in inches

x
Tl“ Temperature on the hot side of panel in Fahr,
T Temperature on the cold side of panel in Fahr,

A = The area (expressed in Sq. Ft.) through which the
measured quantity of heat passes,
= Time in hours

B. Specific Heat - The amount of heat (in calories) required to
raise the temperature of one gram of material 1° centigrade,

1. The speciftc heat of wood is 50% higher than that of air,

400% higher than that of copper,

2. Specific heat is a disadvantage in kiln drying, but
moisture in green wood eases the disadvantage by its
ability bd conduct heat,

3. Iimber in use shrinks with heat due to moisture loss,
though dry wood expands with heat,. Moisture loss
overpowers heat expansion

4, High specific heat and poor conductiwity effective in
reducing fire spread for a considerable periocd of time,

a) Wood is fire retardant though highly combustible,
(1) Due to formation of chsr which insulates against
the heat of flame,
(2) Final failure due to shrinkage and resultant
check thus exposing uncharred fuel to flame,
b) Fire resistance comparison experiment (see accompanying

pages).
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THE ELECTRICAL PROPERTIES OF WOOD

Due to the technical nature of the subject matter, the author
of this section chooses not to reduce the content of this
section to any more brief form than accompanying paper pre-

sented to him by one of his students at California State College,
Long Beach, California.

by
Harrison L. Ley 1
CALIFORNIA STATE COLLEGE
LONG BEACH
WOOD TECHNOLOGY
Fall of 1965
Instructor - Mr. Quinones
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Wood has a surprisingly large number of electrical
properties for a material which 1s not normally thought

of in terms of electrical circuits and equipment. Soiie
of these properties are easily measured while others re-
quire special equipment, or must be arrived at by
intricate calculations. This paper will be an attempt

to identify, define, and explain those electrical proper-
ties of wood which will be of significance to someone
studying Wood Technology for the purpose of teaching
Industrial Arts woodworking.

I. INSULATION RESISTANCE

A dielectric is a material which will not readily
conduct electrical currents. Such materials as giass,
mica, rubber, and wood are classified as dielectrics.
The degree to which any dielectric will resist the flow
of electrical currents is termed its insulation resistance.
Insulation resistance is measured by a device called a.megohm
meter. The megohm meter or megger is essentially a resistance
bridge and galvanometer circuit which normally is used to
apply 50 or 500 volts DC tc the material being tested. By
rotating the adjusting knobs on the megger until a null is
reached on the galvanometer, the insulation resistance
(measured in megohms) can be read directly.

It has been found that the insulation resistance of wood
varies with its moisture content and its density. However,

variations in moisture content have a far greater effect on
insulation resistance than do changes in density. For this
reason the measurement of insulation resistance has become

a widely accepted means of determining the moisture content

in Tumber. 1In practice a small hand held megohm meter is

used which is connected to two steel probes. The probes are
imbadded into the wood to be tested at a distance of 1-1/4"

and to a depth of 5/16". The meter which is calibrated in

per cent moisture can then be used to directly read the moisture
content of the wood under test. This method is far faster and

less wasteful than the previous method which required the re-
moval of a board from the stack, the cutting of a specimen from

the center of the beard, the weighing, drying, then the reweigh-

ing of the specimen followed by the calculations necessary to
determine its moisture content.

Insulation resistance which is quite often referred to as
direct current resistance or DCR has been found to vary from
species to species at any given per cent of moisture content.

This condition is attributed to tre presence, in varying degrees,
of minerals, water soluble salts, and other dissolved electrolytic
materials in the cells and fibers of the wood.
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It has also been found that DCR increases in a nonlinear
fashion with linear increases in moisture content.

There is another area, in addition to the determination
of moisture content, where the insulation resistance of wood

is quite important. Wood having a high DCR must be selected
for cross arms and poles to support secondary power transmission

lines, since these provide a potential leakage path to ground
through which power is lost. It is for this reason that pre-
servatives used for poles and cross arms are of the non-
electrolytic type. Creosote and other petroleum based products
have proven highly satisfactory for this appTiication, but
mineral salts must be avoided.

Traditionally lineman's tools have had insulating handles
made from birch because of its high insulation resistance, but

recently there has been a move to replace wood handles by fiber-

ﬁlass since the fiberglass provides greater strength and even
igher DCR values.

Occasionally the term specific resistance may be encountered.
Specific resistance is defined as the resistance per unit volume
of material. With respect to wood it is the resistance in megohms
per cubic centimeter at a prescribed moisture content and tempera-
ture. The inclusicn of temperature in this definition is
significant because the DC resistance doubles for each decrease
in temperature of 22.5 degrees F.

DIELECTRIC STRENGTH

Dielectric strength is defined as that ability of a
dielectric material to withstand an appiied voitage for a
prescribed period of time without puncturing. Years ago the
measurement of dielectric strength of wood was considerably more
important than it is today. With the development of new synthetic

materials for insulation, together with demands for higher

voltages and higher frequencies, the use of wood in its natural
form as an insulator is seldom seen. However, new wood derivatives

such as Compreg, which has proven to be highly effective as an
insulating material, may reverse the trend.

DIELECTRIC CONSTANT

As was pointed out earlier, wood is considered to be a non-
conductor or dielectric material. As with all dielectric materials
wood will pass some current if the applied voltages are sufficiently
high. When an electrode is placed on each side of a dielectric
material and an alternating current is applied to the electrodes,

a capacitive charging and discharging takes place within the
dielectric. Dielectric constant for wood is defined as the wratio
between the capacitance of a capacitor using wood as a dielectric
compared with a capacitor of like configuration using dry air or
vacuum as the dielectric. Since the dielectric constant of &
capacitor employing dry air or vacuum is unity and the dielectric
constant of water is approximately 81 we can expect wood to fall
somewhere between. As an example the dielectric constant for
oven dried oak as given in Table I, is 3.1. As the moisture

BRI P G ) L ST
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content increases the dielectric constant will also increase.

TABLE 1

Values of Dielectric Constant and Power Factor for Various z
Woods at Radio Frequencies (Between 80 and 1875 KC) ;
Species Dielectric Power Factor in ;
Constant Per cent ;

Basswood 2.0 1.92
Baywood 2.4 2.45 Q
Cypress 2.0 2.1 3
Fir 3.1 3.5 !
Maple 2.6 2.45 .
Oak 3.1 2.97 :

Birch 5.2 6.48

IV. POWER FACTOR

In any direct current circuit the current flowing is

- directly proportional to the applied voltage and inversely

; proportional to the resistance of the material. Thus, if a
piece of wood was sandwiched between two plates and a DC
voltage applied to it the amount of current which would Flow
would depend on the value of the voltage appiied and the value .
of the inhereni resistance of the material. .If an alternating
current were applied te those same plates the amount of impedance ;
to current flow would be dependent upon the frequency of the :
applied voltage., With any capacitive AC circuit there is de-
veloped a capacitive reactance and a condition where the current
leads the applied voltage by a certain angie (Phi.) The co- ]
sign of angle & is the ratio of the actual current fiowing ;
through the circuit, as to compared to the current which

would flow through a similar circuit if it were purely re-

sistive, Stated in another way power factor is the ratio of

g

3 power absorbed to the apparent power stored. %
The understanding of Power Factor and Dielectric Constant )

is important to the Industrial Arts teacher for the following
reason: like any dielectric, wood can be heated by exposing it
to high frequency (AC) electric currents either by placing the
wood between electrodes (plates or by placing it in the flux
path of an induction coil through which high frequency current
is passing. The amount of heat generated in the wood depends
upon the power factor and on the dielectric constant. This

principal is widely employed in the woodworking industry through E
2 the use of Wood Welders and similar devices. Wood welding is P
i simply a technique for internally heating a glue 1ine in a wood 3
3 joint by exposing it to high frequency currents. |
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The electric energy which is absorbed by the wood is
converted to heat energy which serves to rapidly set the
glue joint.

Although it is possible to delve more deeply into the 4
characteristics and behavior of wood when exposed to certain i
electrical stresses, the foregoing information should be '
sufficient for dissemination to the average Industrial Arts

class.

.
b2
3
’:‘4 Y.
ue
b
&
b
V‘i

BIBL IOGRAPHY

1. Langford - Smith, F., Radiotron Designer's Handbook, - “;_“ it
Fourth Edition (Harrison, New Jersey - Radio Corporat1on ‘
of America, 1953). :

2. Henney, Keith, The Radio Engineering Handbook
Third Edition  (New York, McGraw-HiT1l Book Company, Inc.,
1941). .

3. Terman, F. E., Radio Engineers' Handbook ,

First Edition - Eighth Impression (New York - McGraw - H111
Book Company, Inc., 1943),

4. U. S. Department of Agriculture, Wood Handbook,
Agriculture Handbook No. 72, (U. S. Government Printing
Office, 1955).

ot

TG e . ¢ B T m M ST A IR PR el S e Co et T ey Aear
s e oi i i i N O T e




PR A S SRR TR R A AL PR e Ny R TG e PR T A

(AR St st i e e P T A G g o

.
THE ACOUSTICAL PROP:RTIES OF WOOD
I. The acoustical properties of wood are important to the musical ﬂ
instrument industries and in building construction,
A. Law of Acoustics = The power of conducting or cutting sound is
linked with elastieity.
1. Wood fixed to allow free vibratio: will emit sound, ‘B
a) Dependent on the natural frequency of vibration of the 4
piece, and length of piece from fixed end(s)
b) Also dependent on density. ;
(1) High density - greater conductivity and vibration, X
(2) Deacyed wood or low density wood, nu ring when 4
struck, ;
¢) Wood is resonant :
B. Uniformity of texture necessary for resonance :
1, Must be free from defects, 5
2, Must be properly fixed for optimum performance, ¢
C. In order for wood to absorb sound: ;
1. Must have large mass, :
2. Must be fixed to reduce or completely stop vibration. 1
3, Must be low in specific gravity. i
4, The cellular structure of wood causes wood to absorb sound ;
if rigidly fixed, (hollow, air filled spaces) "
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MCISTURE CONTENT OF WOOD

I. Moisture content is that weight of waﬁer contained in wood and expressed
as a percentage of the ovendry weight of the wood.

The distribution of moisture is located in the cells and the cell

walls of wood.

l. Free water is the water found in the lumina of the cells.

2. Bound water or hygroscopic water is the water that is found
in the cell walls.

The fiber saturation point of wood is that point at which the cell
wall is saturated, but no free water remains in the cell (appx.
30 percent ).
1. The fiber saturation point is important for three reasons:
a) More heat is required to move water from the wall
than from the cavitity.
b) A wood cell will not shrink until it reaches the
fiber saturation point.
c¢) large changes in the physical and mechanical
properties of wood begin to take place at the
fiber saturation point.

The equalibrium moisture content of wood is when wood has reached
a stage when there is no further interchange of moisture between
the wood and that of the atmosphere.

1. 7This steady moisture content depends on the relative
humidity and the temperature of the surrounding air; it
fluctuates with changes in one or both of these atmospheric
conditions.

JI. There are several ways to determine the moisture content of wood such
as electrical, relative-humidity, chemical and the oven-dry method.
In this report only the ovens~dry method will be considered.

The oven-dry method consist of selecting representative sample
boards of pieces from the material to be tested, cutting moisture
sections from each sample, weighing each, drying each in an oven to
constant weight, weighing each again, and calculating the moisture
content,

The proper selection of sample, the preparation, the weighing, the
drying, weighing the oven-dry section and calculating the sample
is very important. Fig. 1l shows steps in calculating the moisture
content by the oven-dry method.

foxsiens
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C. The formula for determining the moisture content is: Moisture
content equals the green or original weight minus oven-dry weight

times one hundred divided by the oven-dry weight.

SN R

III. The wood technologist should have an understanding of how wood dries,
what causes moisture to move in wood and of the factors that influence 4

the rate of moisture movement. 3
i

A. Water in wood normally moves from zones of higher to zones of
lower moisture content.

B. Moisture in wood moves through several kinds of passageways, such
as resin ducts in softwoods, through cell cavities and small open-

ings in cell walls called pits.

C. When wood is drying, several forces may be acting to reduce its
moisture content, and they all may be acting at the same time.
1. Capillary action is the force that causes free water to flow

mostly through cell cavities and small openings in the cell
wall.
-a) When wood starts to dry, evaporation of water
from the surface cells sets up forces that exert |
a pull on the free water in the zones of layers b
of wood beneath the surface and a flow resulis.
o, Differences in relative humidity that causes moisture that is
in the vapor start to flow through various passageways. e
a) Moisture evaporated from wood moves to the
surface by two types of diffusion that act at
the same time. At high temperatures diffusion
of water vapor through the larger passageways
is the most important, while at low temperatures
most of the moisture diffuses through the pass-
ageways within the cell walls.
3, Differences in moisture that move the hygroscopic water through
passageways in the cell wall. ’
a) The differences are very important in low f
temperature drying.

IV. Dimensional changes take place when the wood is been dried below the
fiber saturation point.

A. When wood has dried to 15 percent moisture content, about one half
of the total possible shrinkage has taken place.

1 B. When dried to 8 percent moisture content, nearly three-fourths of
| the maximum possible amount has taken place. i
3

ek Sras At

o

3
e
g

S——
R TR A

HSEI

s

M
iy




RPN E LRl S YRR A TR R S A SV AR o S At 8 e s PN B A AU A B 1

e M S S o SR Sy £ i & s R S S Sty

C. ©Shrinkage takes place chiefly in the radial and tangential direc- 3
tions, that is, at right angles to and parallel to the annual rings. 4
1. The ratio of radial to tangential shrinkage is about 1 to 2. i
2. The shrinkage along the grain (longitudinally) is very little.
3. Figure 2 shows how boards shrink radially and tangentially. i

D. Changes in the moisture content of wood as it dries are responsible b
for many seasoning defects. .
l. Cupping is the warping of the face of a plank or board so
that it assumes a troughlike shape, the edges remaining
approximately parallel to each other (Figure 3).

2. Crooking is the longitudinal warping, edgewise, from a 5
straight line drawn from end to end of the piece (Figure 3). 2
3. Bowing is the longitudinal warping, flatwise, from a straight
line drawn end to end of the piece (Figure 3). 3
L. Twist is the distortion of both sides and edges (Figure 3). .
5. Casehardening is the term applied to dry lumber with nearly :

uniform moisture content but characterized by the presence
of residual stresses, tension in the interior of the piece
(core) and compression in the outer layers of cells (shell).
(Figure 4 shows steps in testing for casehardening. )

6. Checks are ruptures along the grain that develop during !
seasoning either because of a difference in radial and ;
tangential shrinkage or because of uneven shrinkage of the :
tissue in adjacent portions of the wood. (Figure 5 shows
examples )

7. Honeycombing is the internal splitting in wood that develops
in drying; caused by internal stresses or by closing of surface E
checks.

8. Collapse is the defect that sometimes develops above the fiber
saturation point when very wet heart wood or certain species
is dried; evidenced by abnormal and irregular shrinkage.

.

R ey N T
P e I S A s S

ksl

o, S A AT b
f’.z‘a’y.z WSEY RS,

T

V. Green lumber can be seasoned to the necessary dryness by combining
outdoor air seasoning (air drying) with subsequent further drying in .
a heated room (kiln drying). 3

A. Air-drying of wood consist of piling the lumber outdoors so that 3
the air currents can circulate through the pile and carry away 3

the moisture from the surfaces of the wood. 7

l. The air-drying of lumber is dependent upon the ‘
temperature and relative humidity of the outdoor
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Tangential shrinkage is

as affected by the directlon of the annual rings.
about twice as great as radial shrinkage.
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TYPES OF WARP

CUP is the distortion out of sﬁuare with the sides o 4
between the edges. . - :

V4

L ' — o — d

S5

BOW is the distortion out of square with the sides
between the ends.

' PR PR

CROOK is the distortion of the edges. - )
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Barly stage of seasoning
numerous small checks.
Final stege of seasoning; almost
complete closing of most checks
when major stress 1s relieved

by large V-ahaped check

no checks.
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air, precipitation, and the air circulating within 3

the pile. '
2. The active drying period is ideally the time of

high temperature and low relative humidity.

Be The air-drying of lumber is zffected by loecal factors,

9 such as elevation, drainage, and topography conditions.

b l. The air:grying yard is preferably located on

' high grgond that is level, well drained, and not
adjacent to water bodies or wind-obstructing
objects such as tall trees and buildings.

2. The ground surface should be kept free from

debris and vegetation.

by carefully placing lumber in a chamber called a
kiln,and ecirculating large volumns of heated =ir
through it. .
l. 4 dry Lkiln consist of one or more chambers, .
rooms, ¢r ‘tunnels in which air can be circulated
,? around the wood being dried. :
i 2. The temperature and the relative humidity can ;
1 | be manually or automatically maintained by con- 3
: trolling the dry- and wet-bulb temperaturecs. ?
3. A properly designed and operated kiln will dry
most species of lumber to any specified moisture
content between 3 and 15 percent in a reasonable
short time.
4. Once lumber has becn dried, it is desirable
- that it be kept dry until fabrication is com-
pleted. |

;

1

% 15
; C. Kiln drying is a process designed to hasten drying 3

ety e
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E
§
é D. There are a number of distinct and important advant- :
% ages in seasoning. ;
2 1. Seasoning reduces the likelihood of stzin,
: mildew, or decay developing in transit, storage q
% or subseduent use. . :
g 2. ‘The shrinkage that accompanies seasoning can :
‘ take place before the wood is put to use. i
o . 3. Wood increases in most strength properties as :
1 | i1t dries below the fiber saturation point. %
3 : 4. The strength of common fasteners such as nails ;
‘ ' and screws is greater in seasoned wood then in
green wood after assembly. 3
5. Glued wood products can be expected to perform ;)
better when the moisture content of tihe wood at 4

E 6. Seasoning reduces the possible danase from in- %:
£ sects that bore holes in wood in either the | ‘
L larval or adult stage.

. the time of gluing is as near as practicable *to :

| the average moisture content which the product -l
E is expected tc have in service, provided it is ;!
i below some 15 to 18 percent. ;?
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California State College
Long Beach
Wood Technology
Experiment ,
Moisture Content of Wood

B Tt LR

Purpose: To enable the student to determine the suitability of a !
wood for construction pruposes, through an evaluation of
moisture content,

Apparatus Required:

Oven - with thermostatic control :
Balance _ B
Wood sampies

Graph materials g0

Experiment:

l. Three, one inch cross-sections of wood must be
obtained from approximately twelve inches from the
end of the stock to be tested. The width and thickness 3
of the stock has no bearing on the test, but the )
samples should be solid and free from defects,

2, Label the sample pieces, then weigh and record the B
weight of each piece,

3. Place the samples in an oven heated to a temperature i
of between 214 and 221 degrees Fahr. Weigh the pieces
every thirty minutes and record their weight. Continue
this process until a constant weight is reached (up N
to 24 hours), If this process cannot be continuous,
then the samples can be removed from the oven,
allowed to cool slightly, then sealed in an airtight
plastic bag. Before starting the process again,
it is necessary to preheat the oven and maintain a 1
careful control on time, '

. 4. When the wood no longer looses weight, it is considered F
oven dry. In order to calculate the original moisture
content of the samples, the following formula is
employed. A

Weight of water in the wood 4 199 - % moisture content :
Oven dry weight of the wood




5. Find the moisture gradient for each of the samples
at the 30 minute intervals and develop a comparative B
line graph. -

SHSR i

Questions: !
l. Why are the cross-sections of wood cut from the :
middle of the piece to be treated?
2. Why does a woodworker need to know the moisture content
of the material with which he is building? '
3. What are some of the methad s used to determine moisture
content? :
:
4, What percentage of moisture is recommended for i
furniture lumber in the Long Beach area?
5. What is the recommended moisture difference between
pieces that are to be glued together? i 0
;‘j
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The Preservation of Wood

E I. The Field of Wood Preservation
B A, Wood versus other structural materials
B. Need for economy in wood use

l. Benefits of wood preservation
2. Development of the wood preservative industry i

a.)Early development in Europe |

b.)Development of the industry in the United States :
(1) Water soluble salt treatment ,§

(2) Creosote treatment
(3) Classes of material treated
(4) Volume of material treated

(5) Present opportunities

II. Agencies of Wood Deterioration i
1

§

A, Wood inhabiting fungi ;/E

l. Decay

a.)The cause of decay
b.)Decay requirements p
c.)Spread of decay

d. )Effect of decay on wood properties
e, )Durability

o TR 0t O
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2. Wood staining fungi )
3. Chemical stains :
4, Molds

B. Wood-boring insects on the land

l. Termites

a. )Subterranean termites

b. )Drywood termites

c. )Damp wood termites

d. )Natural resistance of wood

2. Powder-post beetle .
3. Carpenter ants
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C. Marine borers
1. Mollusceanborers

a.)Shipworm, teredo and bankia
b. YMartesia

2. Crustacean borers
a.)Limnoria
b. )Sphaeroma
c. )Chelura
3. Resistance of woods
D. Fires
E. Mechanical wear
F. Weathering
Wond Preservatives
A. Requirement of a good wood preservative
Toxic to wood destroyers
Permanent
Highly penetrative
Safe to handle and use
Harmless to wood and metal

Plentiful
Economical

Nk W

o

B. Methods of determining effectiveness

Toxicity

Penetration ability
Chemical properties
Corrosiveness

Fire resistance

Effect on paint

Toxicity data

Service tests

Tests on other properties

L]
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C. The principal wood preservatives

1. Preservative oils, or mixtures of oils, that are
volatility and only slightly soluble in water
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b
a.)Coal-tar creosote

4
b.)Anthracene oils or carbolineuras ;
c.)Water-gas tar creosote

d.)Wood-tar creosote

e.)Coal-tar

f.) Water-gas tar

g.)Solutions of creosote in petroleum or tar

2. Inorganic salts and similar materials that are used in water
solutions

a,)Zinc chloride

b. JChromated zinc chloride g
c. )Sodium fluoride 4
d. )Mercuric chloride
e.)Copper sulphate f’
3. Toxic chemicals that are dissolved in some colorless and 5
usually volatile solvent other than water é
a. JAnaconda Wood Preservative
b. )Basilit | L
c.)Bruce Preservative 3 h
d. )Carbolineums .
e. )Chemonite 1.7
f.)No-D=-K ‘&
g.)Par-Tox | i
v, h. )Permatol ' |
2 i. ) Termiteol , f ;
¥ j.) Toxicol i
. k. )Wolman Salts
l.) Zinc-mets-arsenite (ZMA) 1
4, Non-preservatives 1
.} ]
a.)Paint
i b. )Stains o
2 8
IV. Preparation for Treatment t
A, Peeling g
B. Air seasoning %
C. Steaming and vacuum ;
D. Boiling under vacuum §
E. Mechanical preparation ;
l. Adzing il
2. Boring
3. Framing ;

4. Incising
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V. Wood Preserving Processes

DGt A,
s aellini

A, Non-pressure process

4 T
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b
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:
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Brush spraying treatment
Dipping

Steeping

Kyanizing

Hot and cold bath

Charring, charring and spraying
Diffusion process

Treating standing trees

»
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B. Pressure processes
l. Full-cell process
a. )Bethell process

b, ) Burnett process
c. )YMiscellaneous

(1) Cellcure treatment

(2) Chemonite treatment

(3) Wolman treatment

(4) Zinc-mets Arsenite (ZMA) treatment
(5) Full-cell treatments not now in use

(2) Allardyce treatment
(b) Card treatment

(c) Creoaire treatment
(d) Ruetgers treatment
(e) Wellhouse method

2. Empty~-cell method

a.)Rueping process
b. )Lowry process
c.)Miscellaneous methods using pressure

(1) Boucherie process

(2) Pfister method

(3) Pressure treatment in boring holes
(4) Pressure treatment of pileheads
(5) Cellon process

VI. Factors Affecting Penetration and Absorption

A. Anatomy of wood
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Wood tracheids

Resin ducts

Vessels

Wood fibers

Rays

Wood parenchyma
Sapwood znd heartwood
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. Density

Direction of penetraticn
Preparation of timber

Form and size of timber

Grouping of material for treatment
Treating procedures

L ] -]

CHEUQOW

l. Type of process
2. Character of preservative
B 3. Viscosity and temperature
4, Pressure
5. Initial, gross and net absorption

VII. Economic Aspects of Preservative Treatments

. First cost, in place

. Serviceable life

. Cost of maintenance

Obsolescence

. Salvage value

. Influence of preservatives on wood markets

HEUQW >

[‘ VIII. Properties of Treated Wood
i A, Strength

l. Effect of treatment
- 2. Effect of incising

B. Inflamability
C. Painting characteristics

1., Creosoted wooed
j 2. Zinc chloride treated wood
- 3. Bleeding of creosoted wood
1 4. Discoloring effects
{

D. Corrosive effects
E. Electrical resistance
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iX. Treating Plants and Equipment

A. Brush and spray equipment

B. Steeping and dipping apparatus
C. Hot-and-cold-bath plants

D. Pressure plants

—
°

Treating cylinders

Heating units

Tanks

Cranes and hoists

Live rolls and conveyor belts

Boiler plant

Framing machinery

Adzing, boring, incising and shaving machinery
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GLOSSARY

Annual growth ring: The growth layer put on in a single growth
year, including springwood and summerwood.

Bark: Outer layer of a tree, comprising the inner bark, or thin,
inner living part (phloem), and the outer bark, or corky layer,
composed of dry, dead tissue.

Basic stress: (See Stress)

Bastard sawn: Hardwood Tumber in which the annual rings make angles
of 30° to 60° with the surface of the piece.

Bird peck: A small hole or patch of distorted grain resulting from
birds pecking through the growing cells in the tree. In shape
bird peck usually resembles a carpet tack with the point toward
the bark, and it is usually accompanied by discoloration extend-
ing for a considerable distance along the grain and to a much
lesser extent across the grain.

Birdseye: Small localized areas in wood with the fibers indented
and otherwise contorted to form few too many small circular or
elliptical figures remotely resembling birds' eyes on the
tangential surface. Common in sugar maple and used for
decorative purposes, rare in other hardwood species.

Bow: The distortion in a board that deviates from fiatness
lengthwise but not across its faces.

Boxed heart: The term used when the pith falls entirely within the
four faces of a piece of wood anywhere in its length. Also
called boxed pith.

Brashness: A condition that causes some pieces of wood to be
relatively Tow in shock resistance for the species and, when
broken in bending, to fail abruptly without splintering at
comparatively small deflections.

Burl: (1) A hard, woody outgrowth on a tree, more or iess rounded
in form, usually resulting from the entwined growth of a cluster
of adventitious buds. Such burls are the source of the highly
figured burl veneers used for purely ornamental purposes. (2)
In wood or veneer, a localized severe distortion of the grain
generally rounded in outline, usually resulting from overgrowth
of dead branch stubs, varying from 1/2 inch to several inches
in diameter; frequently includes one or more clusters of several
small contiguous conical protuberances, each usually having a
core or pith but no appreciable amount of end grain surrounding
it.

Cambium: The one-cell-thick layer of tissue between the bark and
wood that repeatedly subdivides to form new wood and bark cells.
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Casehardening: A stressed condition in a board or timber characterized
by compression in the outer layers accompanied by tension in the
center or core, the result of too severe drying conditions.

Cell: A general term for the minute units of weed structure, includ-
ing wood fibers, vessel segments, and other elements of diverse
structure and function.

Cellulose: The carbohydrate that is the principal constituent of wood
and forms the framework of the wood cells.

Check: A lengthwise separation of the wood that usually extends across
the rings of annual growth and commonly results from stresses set

up in wood during seasoning.
Close grain: (See Grain)
Coarse grain: (See Grain)

Collapse: The flattening of single cells or rows of cells in heartwood
during the drying or pressure treatment of wood, characterized by
a caved-in or corrugated appearance.

Compression failure: Deformation of the wood fibers resulting from
excessive compression along the grain either in direct end com-

pression or in bending. It may develop in standing trees due

to bending by wind or snow or to internal longitudinal stresses
developed in growth, or it may result from stresses imposed after

the tree is cut. In surfaced lumber compression failures appear
as fine wrinkles across the face of the piece.

Compression set: Permanent compression of a group of wood fibers
resulting from restraint fromsweliing while taking on moisture
or compressive stresses on the wetter core of wood during drying

imposed by adjoining fibers or an external mechanical agency.

Compression Wood: Abnormal wood formed on the lower side of branches
and inclined trunks of softwood trees. Compression wood is
identified by its relatively wide annual rings, usually
eccentric, relatively large amount of summerwood, sometimes more
than 50 per cent of the width of the annual rings in which it
ocecurs, and its lack of demarcation between springwood and summer-
wood in the same annual rings. Compression wood shrinks excess-
ively lengthwise, as compared with normal wood.

Crook: A distortion of a board in which there is a deviation edge-
wise from a straight 1ine from end to end of the board.

| Cross break: A separation of the wood cells across the grain. Such
- breaks may be due to internal sirains resulting from unequal
. Tongitudinal shrinkage or to external forces.

Cup: A distortion of a board in which there is a deviation flatwise
from a straight 1ine across the width of the board.




Density: The weight of a body per unit volume. When expressed in
the c.g.s. (centimeter-gram-second) system, it is numerically

equal to the specific gravity of the same substance.

Density rules: Rules for estimating the density of wood based on
percentage of summerwood and rate of growth. The rules at
present apply only to southern yellow pine and Douglas fir and
differ slightly.

Diagonal grain: (See Grain)

Diffuse-porous wood: Certain hardwoods in which the pores tend to
be uniform in size and distribution throughout each annual ring
or to decrease in size slightly and gradually toward the outer
border of the ring.

Dry-bulb temperature: Temperature of air as indicated by a standard
thermometer.

Durability: A general term for permanence or resistance to deteriora-
tion. Frequently used to refer to the degree of resistance of a
species of wood to attack by wood-destroying fungi under condi-

tions that favor such attack. In this connection the term
"decay resistance" is more specific.

o SROCIICT T ITO O WY ST AT W e

Empty-cell process: Any process for impregnating wood with preserva-
tives or chemicals in which air, imprisoned in the wood under
pressure, expands when pressure is released to drive out part of
the injected preservative or chemical. The distinguishing
characteristic of the empty-cell process is that no vacuum is
drawn before applying the preservative. The aim is to obtain
good preservative distribution in the wood and leave the cell
cavities only partially filled.

Equilibrium moisture content: The moisture content at which wood
neither gains nor loses moisture when surrounded by air at a
given relative humidity and temperature.

Extractives: Substances in wood, not an integral part of the
cellular structure, that can be removed by solution in hot or
cold water, ether, benzene, or other solvents that do not
react chemically with wood components.

Fiber, wood: A comparatively long (one twenty-fifth or less to 1/3
inch), narrow, tapering wood cell closed at both ends.

Fiber saturation point: The stage in the drying or wetting of wood

at which the cell walls are saturated and the cell cavities
are free from water. It is usually taken as approximately

30 per cent moisture content, based on weight when oven-dry.




Figure: The pattern produced in a wood surface by annual growth
rings, rays, knots, deviations from regular grain such as
interlocked and wavy grain, and irregular coloration.

Fireproofing: Making wood resistant to fire. Wood cannot be
treated chemically so that it will not char or decompose at
temperatures of about 280° F. and higher. What effective
fireproofing does is to make wood difficult to ignite, keep
it from supporting its own combustion, and delay the spread
of flame over the wood surface.

Fire-retardant chemical: A chemical or preparation of chemicals
used to reduce flammability or to retard spread of fire.

Flat grain: (See grain)

Full-cell process: Any process for impregnating wood with
preservatives or chemicals in which a vacuum is drawn to re-
move air from the wood before admitting the preservative.
This favors heavy absorption and retention of preservative
in the treated portions.

Gelatinous fibers: Abnormal fibers in certain hardwoods. They
are associated with "Tension wood." which see..

Graink: The direction, size, arrangement, appearance, or quality
of the fibers in wood or lumber. To have a specific meaning
the term must be qualified.

Close-grained-wood: Wood with narrow, inconspicuous annual
rings. The term is sometimes used to designate wood
having small and closely spaced pores, but in this sense
the term "fine textured" is more often used.

Coarse-grained wood: Wood with wide conspicuous annual rings
in which there is considerable difference between spring- ;
wood and summerwood. The term is sometimes used to :
designate wood with large pores, such as oak, ash, chestnut, :
and walnut, but in this sense the term "coarse textured"
is more often used.

Cross-grained wood: Wood in which the fibers deviate from a
line parallel to the sides of the piece. Cross grain may
be either diagonal or spiral grain or a combination of
the two.

Curly-grained wood: Wood in which the fibers are distorted so

that they have a curled appearance, as in "birdseye" wood.
The areas showing curly grain may vary up to several inches

in diameter.

Diagonal-grained wood: Wood in which the annual rings are at
an angle with the axis of a piece as a result of sawing
at an angle with the bark of the tree or log. A form of
cross grain.




Edged-grained lumber: Lumber that has been sawed so that the
wide surfaces extend approximately at right angles to the

annual growth rings. Lumber is considered edge-grained
when the rings form an angle of 45° to 90° with the wide
surface of the piece.

Flat-grained lumber: Lumber that has been sawed in a plane
approximately perpendicular to a radius of the log.

Lumber is considered flat grained wgen the annual growth
rings make an angle of less than 45 with the surface of
the piece. -

Interlocked-grained wood: Wood in which the fibers are inciined
in one direction in a number of rings of annual growth,
then gradually reverse and are inclined in an opposite
direction in succeeding growth rings, then reverse again.

Open-grained wood: Common classification of painters for

woods with large pores, such as oak, ash, chestnut, and
walnut. Also known as "coarse-textured."

Plainsawed lumber: Another term for flat-grained Tumber.
Quartersawed lumber: Another term for edge-grained Tumber.

Spiral-grained wood: Wood in which the fibers take a spiral
course about the trunk of a tree instead of the normal
vertical course. The spiral may extend in a right-handed
or left-handed direction around the tree trunk., Spiral
grain is a form of cross grain.

Straight-grained wood: Wood in which the fibers run parallel.
to the axis of a piece,

Vertical-grained Tumber: Another term for edge-grained lumber.

Wavy-grained wood: Wood in which the fibers collectively take:
the form of waves or undulations.

Green: Freshly sawed lumber, or lumber that has received no intentional
drying; unseasoned. The term does not appiy to lumber that may
have become completely wet through waterlogging.

Growth ring: (See Annual growth ring)

Hardwoods: Generally one of the botanical groups of trees thkat have
broad leaves in contrast to the conifers or softwoods. The term
has no reference to the actual hardness of the wood.

Heartwood: The wood extending from the pith to the zapwood, the
cells of which no longer participate in the 1ife processes of
the tree. Heartwood may be infiltrated with gums, resins, and
other materials that usually make it darker and more decay
resistant than sapwood.
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Hemicellulose: A celluloselike material in wood that is easily
decomposable, as by dilute acid, yielding severai different
simple sugars.

Honeycombing: Check, often not visible at the surface, that
occur in the interior of a piece of wood, usually along the
wood rays.

Impreg: Wood in which the cell walls have been impregnated with
synthetic resin so as to reduce materially its swelling and
shrinking. Impreg is not compressed.

Insulation, thermal: Materials that retard the transfer of heat
when placed between two heat-conducting materials.

Kiln: A heated changer for drying lumber, veneer, and other wood
products.

Compartment kiin: A dry kiln in which the total charge of
lumber is dried as a single unit. It is designed so
that, at any given time, the temperature and relative
humidity are uniform throughout the kiln. The
temperature is increased as drying progresses and the
relative humidity is adjusted to the needs of the lumber.

Progressive kiln: A dry kiln in which the total charge of Tumber
is not dried as a single unit but as several units, such as in

kiln-truckloads, that more progressiveiy through the kiln.
The kiln is designed so that the temperature is lower and

the relative humidity higher at the entering end than at
the discharge end.

3 Knot: That portion of a branch or 1imb which has been surrounded

3 by subsequent growth of the wood or the trunk or other portion

3 of the tree. As a knot appears on the sawed surface it is merely
: 3 section of the entire knot, its shape depending upon the
direction of the cut.

Late wood: (See Summerwood)

Lignin: The second most abundant constituent of wood, located
principally in the middle lamella, which is the thin cementing
layer between the wood cells. The chemical structure of Tignin
has not been definitely determined.

Modified wood: Wood processed to impart properties quite different
from those of the original wood by means of chemical treatment,
compression, or treatment with or without heat.

Moisture content of wood: The amount of water contained in the wood,

usually expressed as a percentage of the weight of the oven-dry
wood.




Moisture gradient: A condition of graduated moisture content be-
tween successive thickness zones of wood that may be losing or
absorbing moisture. During seasoning the graduations are be-
tween the relatively dry surface zones and the wet zones at
the center of the piece.

01d growth: Timber in or from a mature naturally established
forest. When the trees have grown during most if not all
of their individual lives in active competition with their
companions for sunlight and moisture, this timber is usually
straight and relatively free of kncts.

Oven-dry Wood: Wood dried to constant weight in an oven or above
the temperature of boiling water (usually 101" to 105° €. or
240" to 221° F.).

Parenchyma: Short cells having simple pits and functioning

primarily in the metabolism and storage of plant food
materials. They remain alive longer than the tracheids,

fibers,and vessel segments, sometimes for many years. Two

kinds of Earenchyma cells are_recognized, those in vertical
strands, known more specifically as wood parenchyma, and

those in horizontal series in the rays, known as ray parenchyma.

Pit: A relatively unthickened portion of a cell wall where a thin
membrane may permit 1iquids to pass from one cell to another.
A "bordered" pit has an overhanging rim that is not present 1n
a "simple" pit.

Pith: The small, soft core occurring in the structural center of
a tree trunk, branch, twig, or log.

Plainsawed: (See Grain)

Plasticizing wood: Softening wood by hot water, steam, or chemical
treatment to increase its moldability.

Porous woods: Another name for hardwoods, which frequently have

vessels or pores large enough to be seen readily with magnifica-
tion.

Postformed plywood: (See Plywocd)

Preservative: Any substance, that for a reasonable length of time,
is effective in preventing the development and action of wood-
rotting fungi, borers of various kinds, and harmful insects that
deteriorate wood.

Radial: Coincident with a radius from the axis of the tree or 1og‘
to the circumference. A radial section is a lengthwise section
in a plane that passes through the center line of the tree-
trunk. |
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Rays, wood: Strips of cells extending radially within a tree and
varying in height from a few cells in some species to 4 or more

inches in oak. The rays serve primarily to store food and trans-
port it horizontally in the tree.

Relative humidity: Ratio of the amount of water vapor present in
the air to that which the air would held at saturation of the
same temperature. It is usually considered on the basis of

the weight of the vapor but, for accuracy, should be considered
on the basis of vapor pressure.

Resin passage (or duct): Intercellular passages that contain and
transmit resinous materials. On a cut surface, they are usually
inconspicuous. They may extend vertically parallel to the axis
of the tree or at right angles to the axis and parallel to the
rays. .

Ring-porous woods: A group of hardwoods in which the pores are
comparatively large at the beginning of each annual ring, and
decrease in size more or less abruptly toward the outer portion
of the ring, thus forming a distinct inner zone of pores, known
as the springwood, and an outer zone with smaller pores, known
as the summerwoed.

Sap: Al1 the fluids in a tree, special secretions and excretions,
such as oleoresin, excepted.

Sapwood: The 1iving wood of pale color near the outside of the log.
Under most conditions the sapwood is more susceptible to decay
than heartwood.

Seasoning: Removing moisture from green wood in order to improve its
serviceability.

Air-dried: Dried by exposure to air, usually in a yard,
without artificial heat,

Kiln-dried: Dried in a kiln with the use of artificial heat.

Second-growth: Timber that hasgrown after the removal, whether by
cutting, fire, wind, or other agency, of all or a large part of

the previous stand.

Shear: Slipping of one part of a piece of wood upon another aong
the grain.

Softwoods: Generally, one of the botanical groups of trees that in
most cases have needlelike or scalelike leaves; the conifers;

also the wood produced by such trees. The term has no refarence
to the actual hardness of the wood.

Specific gravity: The ratio of the weight of a body to the weight

of an equal volume of water at 4% C. or other specified tempera-
ture.




Spike knot: (See knot)

Spiral grain: (See grain)

Split: A lengthwise separation of the wood, due to the tearing
apart of the wood cells.

Springwood: The portion of the annual growth ring that is formed

during the early part of the season's growth. It is usually
less dense and weaker mechanically than summerwood.

Strength: The term in its broader sense embraces collectively all
the properties of wood that enable it to resist different

forces or loads. In its more restricted sense, strength may

ly to any one of the mechanical properties, in which event
%ﬁg %ame ofythe property under consideration should be stated,

thus: strength in compression parallel to grain, strength in;
bending, hardness, ard s¢ cn.

Stress: Force per unit of area.

Basic stress: The working stress for material free from
strength~-reducing features, such as knots, check, and
cross grain. It has in it all the factors appropriate
to the nature of structural timber and the conditions

under which it is used except those that are accounted
for in the strength ratio.

Straight grain: (Grain)

Summerwood: The portion of the annual growth ring that is formed

after the springwood formation has ceased. It is usually
denser and stronger mechanically than springwood.

Tangential: Strictly, coincident with a tangént at the c¢ircum-
ference of a tree or log, or parallel to such a tangent. In
practice, however, it often means roughly coincident with the
growth-ring. A tangential section is a longitudinal section
through a tree or 1imb perpendicular to a radius. Flat-grained
lumber is sawed tangentially.

Tension set: A condition of wood in which a group of fibers, owing
to restraint imposed by adjoining fibers or by an external
mechanical agency, are fixed or set in a condition of tension

as a result of a restraint on normal shrinkage during a drop “in

moisture content. "

Tension wood: An abnormal form of wood found in leaning trees of
some hardwood species and characterized by the presence of
gelatinous fibers and excessive longitudinal shrinkage. s
Tension wood fibers hold together tenaciously, so that sawe
surfaces usually have projecting fibers and planed surfaces
often are torn or have raised grain. Tension wood may cause
warping.
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Texture: A term often used interchangeably with grain. Sometimes
used to combine the concepts of density and degree of contrast
between springwood and summerwood.

Tracheid: The elongated cells that constitute the greater part of
the structure of the softwoods (frequently referred to as
fibers). Also present in some hardwoods.

Twist: A distortion caused by the turning or winding of the edges
of a board so that the four corners of any face are no longer

in the same place.
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Tyloses: Masses of parenchyma cells appearing somewhat Tike froth
in the pores of some hardwoods, notably the white oak and black:
locust. Tyloses are formed by the extension of the cell wall
of the 1iving cells surrounding vessels of hardwood or some-
times in a similar manner by the extension of the cell wall
into resinpassage, cavities in the case of softwoods.
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3 Vessels: Wood cells of comparatively large diameter that have

1 open ends and are set one above the other so as to form continu-
‘ ous tubes. The openings of the vessels on the surface of a piece
of wood are usually referved to as pores.
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Wet-bulb temperature: The temperature indicated by the wet-bulb
‘thermometer of a psychrometer (which see), Theoretically, the
wet-bulb temperature is the temperature at which the atmosphere
would become saturated by evaporation of water without loss or
gain in total heat content of the air and vapor.

;

Wood substance: The solid material of which wood is composed. It
usually refers to the extractive-free solid substance of which

the cell walls are composed, but this is not always true. There
is no wide variation in chemical composition or specific gravity
between the wood substance of various species, the characteristic

3 differences of species being largely due to differences in infil-
% trated materials and variations in relative amounts of cell walls

and cell cavities.

Workability: The degree of ease and smoothness of cut obtainable
with hand or machine tools.

Xylem: The portion of the tree trunk, branches, and roots that 1ies
between the pith and the cambium.
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